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The  following  report  easmarizes  Information  obtained  in  a  prelim* 
inary  study  of  pulp  mill  sit  93  that  have  been  suggested  for  development 
in  the  State  of  Montana  East  of  the  Continental  Divide*  considered  from 
the  point  of  view  of  posaibla  effect  of  effluents  on  water  quality  in 
the  Upper  Missouri  River  and  Yellowstone  River  Basins*  The  reconnaissance 
survey  of  contemplated  site?,  made  at  the  request  of  the  State  Board  of 
Health,  "was  conducted  during  the  period,  August  6*10,  1951.  Sites  cov- 
ered were  in  the  vicinity  ot   Billings  and  Livingston  along  the  Yellowstone 
.River,  Three  Forks.  Winston,  and  Great  Falls,  along  the  Upper  Missouri  . 
River •  The  Forest  Service,  $Lssoula  Office,  U.  S.  Department  of  Agri- 
culture, the  Montana  State  (aamber  of  Commerce,  as  well  as  the  State 
Board  of  Health,  and  other  lederal,  State  and  local  agencies,  are  inter- 
ested in  the  proposal  to  build  pulp  mills  in  the  area,  and  participated 
in  visits  to  sites  considered,  or  attended  meetings  and  conferences  arranged 
as  a  part  of  the  survey*  Stbsequent  to  the  initial  observations  made  and 
gathering  of  inforastion  aterted  in  Montana,  supplemental  data  and  material 
have  been  furnished  by  numerous  individuals  and  agencies* 
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suimm  AND  CQNCIESIOBS 


Jhe  finding!  from  thi3  survey  are  briefly  as  follows* 

!•  Tiio   development  of  a  wood  pulping  Industry  is  being  con- 
sidered for  the  Western  portion  of  the  State  of  Montana*  Attention  is 
being  given  to  the  possibilities  of  pollution  arising  from  such  a  develop* 
mant* 

2.  Sites  for  pulp  mills  given  attention  herein  are  confined  to 
the  Yellowstone  and  Upper  Missouri  Hirer  Basins*  Those  new  being 
considered  are  situated  in  the  vicinity  of  Billings,  Ziivingston*  2hre© 
Forks,  Winston,  and  Great  Falls,  Montana - 

3«  '.Che  met  iod  of  wood  pulping  contemplated  for  the  proposed 
mills  is  the  sulpha:©,  or  kraft,  process*  Other  processes,  however, 
are  not  excluded,  bit  at  present  are  not  being  given  primary  consider** 
ation* 

4*  The  introduction  of  pulp  mill  wastes  into  a  stream  will  hav® 
some  effect  on  the  character  or  quality  of  water  in  t3ie  stream*  The 
important  consideration  is  whether  these  changes  will  have  a  detri- 
mental effect  on  th?  existing  and  desirable  uses  of  the  stream  below 
the  pulp  mill  and  the  extent  or  degree  of  the  detrimental  effects ,  if  any, 
on  such  water  uses* 

5*  Ihe  establishment  of  a  200  ton  kraft  pulp  mill  in  the  vicinity 
of  IAvingston  will  :iot  result  in  depletion  of  dissolved  oxygen  below 
limits  required  for  fish  or  other  desirable  aquatic  life*  At  this  site, 
it  is  possible  that  toxic  effects  of  the  mill  wastes  may  appreciably 


reduce  tho  desirable  fish  populations  for  a  limited  distance  below  the 
mill*  The  mill  effluent  may  necessitate  appropriate  treatment  for  ro» 
moval  of  color9  taste fl  and  odors  from  any  publio  drinking  ■eater  supplies 
that  are  obtained  in  the  future  from  the  Yellowstone  for  a  short  distance 
bolow  Livingston*  HO  present  water  supply  will  bo  affected.  Effects  on 
the  esthetic  quality  of  the  stream  will  be  limited  to  a  very  short  sector 
of  the  stream  below  the  mill©  There  should  be  no  appreciable  effect  on 
the  suitability  of  tho  water  for  irrigation*  It  is  concluded  frcsa  present- 
ly  available  infor  jation  and  data  that  Livingston  is  a  less  suitable  site 
for  a  pulp  mill  thin  some  of  the  others  considered* 

6*  The  cambjaed  effects  of  the  very  considerable  amount  of  organ* 
io  mates  now  beinr,  discharged  in  the  vicinity  of  Billings  and  the  wastes 
from  a  200  ton  kra;>k  pulp  mill  will  deplete  the  dissolved  oxygen  concentre^ 
tion  in  the  stream  below  that  considered  necessary  for  maintenance  of  a 
maximum  desirable  fish  population*  The  effect  the  mill  effluent  wouM 
have  ess  the  appearrmce  of  the  Yellowstone  River  and  its  suitability  for 
irrigation  and  as  a  source  of  drinking  mter  supply  for  any  future  develop- 
ments downstream  a:*o  similar  to  those  described  for  Livingston*  It  is 
concluded  that  Bil!.iags  is  a  relatively  unsuitable  site  for  the  location  of 
a  pulp  mill,  principally  because  of  the  considerable  pollution  lead  al- 
ready being  discharged  to  the  stream  in  this  vicinity* 

7*  The  establishment  of  a  200  ton  kraft  pulp  mill  in  the  vicinity  of 
Three  Forks  and  (Uncharging  wastes  below  the  junction  of  the  three 
rivers  forming  the  Missouri,  should  not  reduce  tho  dissolved  oxygen  in 
the  stream  below  the  concentration  considered  adequate  for  fish.  Con- 
sidering dilution  available  and  other  factors*  it  is  not  expected  that  any 
toxic  affects  of  the  wastes  will  appreciably  reduce  the  fish  population 
in  the  stream*  Color,  taste  and  odor  producing  substances  in  the  vmstes 
may  render  the  Missouri  Biver  from  the  mill  to  the  Canyon  Sorry  Dam 
scsnefthat  less  satisfactory  as  a  source  for  public  drinking  water  supplies* 
Such  supplies  are  not  presently  obtained  from  the  ^iver  in  this  area* 
There  will  be  no  appreciable  effect  on  the  suitability  of  the  water  for 
irrigation*  Impairment  of  the  esthetic  quality  of  the  stream  will  be 
limited  to  the  yrory  short  sector  below  the  mill  waste  outlets*  It  is  con** 
eluded  from  the  available  information  and  data  that  it  appears  feasible 
to  establish  a  200  ton  kraft  pulp  mill  at  Three  Forks  without  creating 
material  pollution  of  the  stream  and  that  further  consideration  of  this 
site  is  justified* 


8u  The   of  foots  oa  tho  stream  of  the  effluent  from  a  200  ton  kraft 
pulp  mill  located  nair  Winston  and  discharging  wastes  into  tho  Missouri 
J&vQTg   a  fow  miles  uostroam  from  the  slack  water  of  tho  Canyon  Ferry 
JBeservoir,  should  no  z  vary  materially  from  those  described  for  the 
Three  Forks  site*  It  is  oonoluded  from  th3  available  information  and 
data  that  the  vicinity  of  Winston  justifies  additional  consideration  as  a 
pulp  mill  site*  Mills  should  not  be  established  at  both  the  Winston  and 
Three  Forks  sitsa  at  the  s  ome  time  as  the  effect  of  the  wastes  on  th® 
waters  will  be  cumulative  to  a  considerable  assent* 

9*  The  establishment  of  a  200  ton  kroft  pulp  mill  near  Great  Falls 
should  not  appreciably  reduce  the  desirable  fish  populations  in  the 
stream*  The  efflueni  might  possibly  increase  color,  tastOj,  and  odors 
in  tho  Fort  Benton  wjtor  supply  to  the  aactonfc  that  additional  treatment 
would  be  necessary.  There  should  be  no  appreciable  effect  on  the 
suitability  of  the  river  smtar  for  irrigation.  Limited  effects  on  the 
esthetic  quality  of  -Sie  fffcream  will  esist  only  in  a  very  short  sector  of 
the  stream  below  the  mill  -waste  otvblets.  It  is  concluded  from  available 
information  and  data  that  Great  Falls  is  a  relatively  suitable  site  for 
a  kraft  pulp  mill  and  justifies  additional  consideration, 

10.  It  is  recommended  that  as  a  part  of  future  planning  for  saay 
pulp  mill  projects  in  Montana  there  be  included  complete  stream  sur- 
veys of  those  portions  of  the  rivers  that  nay  be  significantly  affected 
by  the  wastes.  The  purpose  of  these  surveys  would  be  to  determine  aa 
accurately  as  possible  existing  physical.,  chemical,  biological  and  other 
factors  that  would  govern  mill  production  capacity  in  relation  to  waste 
disposal  at  each  specific  site. 


GEHEI&L  IHFOHMaTIOH 


The  Montana  Stat®  Board  of  Health  through  the  Division  of  Environ- 
mental Sanitation  initially  made  inquiry  as  to  what  assistance  might  be 
furnished  "ay  the  Public  Haalth  Servioe  in  determining  water  pollution 
possibilities  in  connection  with  the  proposed  establishment  of  pulp  mills 
in  Montana.  It  was  requested  that  aid  be  provided  in  making  surveys  of 
sites5  starting  with  wood  pulping  developments  in  prospect  East  of  the 
Eooky  Mountains.  Tho  request  isas  confirmed  in  a  letter  from  Dr© 
G.  D.  Carlyle  Thompson^  Executive  Officer  of  the  Montana  State  Board 
of  Ilealth*  Mention  \m.s  made  in  the  letter  of  the  interest  of  the  Missoula 


Office j,  Forest  S«rv.'.oe«  U.  S*  Department  of  Agriculture,  in  this  matter 
and  the  tentative  p  ,ans  being  made  for  an  inspection  of  s  ites  and  gathering 
of  information  that  would  be  needed  in  rendering  assistance  d©3ired  by  both 
the  Forest  Sorvioe  :\nd  the  Mcatam  Stat  a  Board  of  Health 

Purpose i 

The  purpose  of  iiis  study  is  to  make  a  preliminary  estimate  frosa 
the  existing  available  data  of  th©  extent  and  effects  of  pollution  which 
would  result  from  the  establishment  of  sulfate  pulp  mills  at  several  loca- 
tions in  Montana*  !".t  is  intended  to  serve  only  to  indicate  th©  approximate 
pollutional  effects  expected  at  several  proposed  sites  for  the  purpose  of 
determining  whether  additional  consideration  and  study  of  a  particular 
site  is  justified* 


FIELD  WQBK 


In  compliance  vlth  indicated  requests  for  assistances,  and  in  keeping 
with  arrangements  outlined  by  th©  Division  of  Environmental  Sanitations 
Montana  State  Board  of  Health,  an  inspection  isas  2a3.de  of  the  several 
areas  being  considered  as  possible  sites  for  future  pulp  mills  in  that  part 
of  Montana  East  of  i:he  Continental  Divide.  The  field  work  involved 
observations  along  t  he  Yellowstone  .River  from  Billings  to  Livingston* 
and  the  Missouri  Hir-or  from  the  junction  of  the  Jefferson,  Madison  and 
Gallatin  iiivers  shorn  in  Figure  i9   near  Throe  Forks  to  the  Morony  Dam 
downstream  from  Grej.t  Falls.  The  trip,  during  the  week  of  August  6*»10, 
1951 0   inoluded  a  nutibor  of  nestings  and  conferences  in  developing  a 
background  of  information  in  sonnection  v/ith  this  preliminary  survey  of 
stream  pollution  possibilities  of  proposed  pulp  mills  at  sites  along  those 
two  rivers* 

Survey  Group t 

Those  participating  in  trie  survey,  starting  at  Billings,  were  as 
follows*  tfr*  fl*  B»  Footea  State  Sanitary  Engineer*  and  Mr*  H*  W* 
Taylor,  Sanitary  Engineer,  Montana  State  Board  of  Healths  Mr,  I*  V* 
Anderson,  Chiof ,  Forest  Utilization  Service,  Missoula  Office^  Forest 
Sorvioe,  U«  S«  Department  of  Agricultures  Mr*  £•  C  Setteratroia, 
Industrial  Engineer,  Montana  power  Company!  and  L*  F*  li&rriok0 
Chief,  Technical  Se:  vices  Braaoh,  Division  of  Water  Pollution  Control, 
and  for  that  portion  of  the  trip  from  Helena  through  Great  Falls  along 
the  Missouri  ^ivor,  Mr*  C*  W.  3rinck8  Director,  Division  of  Environ- 
mental Sanitation,  Ilontana  Stite  Board  of  Health* 


Procedure  s 
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The  procedure  iollcft'od  ii  the  fiold  work  was  to  inspect  the  mill  sites 
being  considcrcc,.  .fr  equer.tly  ;ln  company  with  i^srested  local  citisens* 
to  contact  officials  and  othe  ?a  who  could  furnish  needed  data  or  informs."* 
tion*  and  then  to  nest  with  r >presentativ@  local  groups  under  a  definite 
schedule  arranged  ir  adverse  s  including  luncheon  and  evening  sessions. 
The  object  was  tc»  ptomote  the  maximum  interchange  of  information  on 
all  aspects  of  tlie  pulp  sill  projects,  particularly  as  they  related  to  she 
effects  of  mill  of  fluents  on  quality  of  surface  waters* 

In  this  connection,,  inquiry  was  made  into  water  uses  in  the  area., 
covering  municipal,  industrial.,,  agricultural^  recreational  and  other 
interests  involvod.  The  anticipated  future  developments  as  well  as  our* 
rent  construction  tfcat  might  influence  consideration  of  sites  were  reviewed* 
Water  works  officials  were  contacted  when  possible  and  their  records  re« 
viewed*  Data  obtain  sd  alcng  vith  that  furnished  by  the  State  Board  of 
Health  provided  needed  background  for  studies  covered  by  this  report. 

The  travol  by  automobile  between  the  various  locations  suggested 
for  pulp  mills  iaa.de  it  pcssib'.e  to  pause  and  view  flow  conditions  along 
the  Yellowstone  2nd  Jpper  Missouri  Rivers  »  fiapids,  with  turbulent  flow?j 
were  observed  in  nan/  places  t.long  the  Yellowstone  while  there  were  a 
number  of  quiet  stretches  of  i<ater  behind  dams  along  the  Upper  Missouri 
Hiver.  This  gave  helpful  inf creation  in  connection  with  estimates  cf 
stream  aeration  &nd  axygen  resources  available  for  oxidation  of  such 
wastes  as  would  be  discharged  from  pulp  mills* 

Contacts  were  nude  with  -the  operating  staff  of  some  power  plants 
along  the  I£Ls3ouri  Elver*  where  records  of  flows  and  water  temperatures 
have  boon  kept.  Through  the  courtesy  of  the  Uonta&a  Power  Company 
such  data  as  needed  ma  nide  svailable  to  aid  v/ith  this  survey.  Similar 
courtesy  was  estsadei  by  the  lureau  of  acclamation  through  the  members 
of  the  engineering  s'joff  -aontcoted  at  the  place  where  the  Canyon  Ferry 
Bam  is  currently  undsr  ooastrt  ction^  shown  in  Figure  2  of  this  report* 
The  full  details  on  she  surface  area  and  storage  capacity  at  various 
elevations  of  the  lace  that  will  be  created  upstream  from  this  dam  wera 
obtained. 

The  survey  of  ;>ulp  iidll  sites  and  sections  of  the  two  rivers  that 
would  receive  mill  effluents  ?as  followed  with  a  general  meeting  in  tho 
State  eapitol  build!  13  in  Helena^  attended  by  representatives  of  locals 
State  and  Fedora!  agsneies  anc  oiti3en  groups  interested  in  tho  problemn 
involved,  including  'later  pollution  as  one  of  special  importance,,  in  tho 
contemplated  develop  i<sit  of  pvlp  mills  in  ISontana. 


Boport  cm  Proposed  Pulp  Mill 
Developments  in  Montana 


A 


Figure  2  •  Canyon  Perry  Dam  under  construction  along  the  Missouri 
Elver  near  Helena,  Montana*  The  Beservoir  created 
will  extend  upstream  from  the  dam  to  the  vicinity  of  pulp 
mill  sites  suggested  near  73!nstone  3£onbana« 


Attendance  at  ifioetiapse 
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The  survey  grcrip  contacted  the  following  indi-<ridual3  during  the  weak 
at  meetings  that  wo.ro  scheduled  along  the  rout©  followed  in  the  field  v7ork« 

A  noon  meetings  August  6,  was  held  at  Billings  with  those  in  attend- 
ance being; 

Mr*  J*  VU  Halt-moan,  Aquatic  Biologist,  Billings  Office, 
Fish  and  midlife  Service*  U.  S»  Bept*  of  Interiors 
Mr*  Herbert  Ma-tin,  State  Manager a  Standard  Oil  Company, 
Mr*  P»  So  Croon,  Proprietor,  Dude  Sandier  Lodge. 

A  group  meet  in;  was  hold  at  Livingston  on  August  7,  attended  by: 

George  Eorn«  Chief  accountant.  Northern  Pacific  Railway, 
Kendall  F*  Sfci-jves,  Manager,  Livingston  (Chamber  of  Commerce, 
Mack  Anderson,  President,  Livingston  State  Bank, 
Henry  fieilly.  Office  Manager,  Montana  Power  Company. 

At  three  Forks  the  survey  group  met  the  following  individuals,  who 
went  alonj  on  an  inspection  of  mill  sites  in  that  area,  and  with  wham' the 
project  was  disoussod  during  the  evening  of  August  7s 

Mr*  Max  Makoff ,,  Proprietor  of  Sacajawea  Lodge, 

Mr*  C*  M*  Soreuson  »  hardware  merchant, 

Mr*  George  McEiail,  oil  distributor, 

Mr*  Paul  S«  Stophenson,  merchant, 

Dr«>  E*  B«  Bertignolli,  local  physician* 

In  Great  Falls  on  August  8,  the  following  individuals  attended  a  noon 
meeting  to  discuss  die  pulp  mill  projects  in  relation  to  water  pollutions 

Mr*  Lou  Siniff ,  Manager,  Corral  Sporting  Goods  Store  and  a  member 
of  the  Monta-ia  Wildlife  Association. 

LIr*  Lee  Hotoal  *,  Great  Northern  Railway  Company,,  also  a  repre- 
sentative of  the  Wildlife  group  and  the  Isaac  Walton  Chapter, 

Mr*  Lloyd  Eenyona  Manager,  Great  Fall3  National  Bank, 

Mr*  II*  R*  Welter,  President  of  the  local  Chamber  of  Comneree, 
and  in  the  insurance  business* 

Mr*  R«  F«  Kitchingman,  l&nager  of  the  local  Chamber  of  Coanerce* 


;->nd$d  by 


ica  U»  S» 

ata!  Sani 
/Joar  i 

e 

a,  KcmWta, 
'.  EoonaE±03,  tfSM  Ssoeri-* 
la  P  .wontana, 

\^insering.  State  ■ 
:a,  Mo: 
L.»  Dj  s,  Kont&n'. 

rin^*  Beard  of 

»aa, 

t  U»  3«  Forest    Service, 

Hcisi,  Bureau  of  &>:  roat  Falls,  Montana,. 

1  In£?h!?f             •  Expo?  on,  U«  S.  Forest  Servioe, 
'. 

foot.  Corps  of  ?rt  Peek  Bist»,  Fort; 
oa, 

-  MB-riouea,  State  Boar  .  Eelem,  Montana, 

:ator0  Sanitary  MorriBon-Maierle,  Xac», 
oaa,  2fcs&©na,  (Chairman,  Ibafaraa  Sewage  and  Industrial 
o*), 

mber  of  Coaaaeroe, 
i  i, 

tcek,  ij'  Board,  Helena,  Montana, 

fes,  Ur  S.  Fi  fildllfe  Service,  Helena, 

Industrial  Dei  ©at  Division,  Montana 

■I'aiBasrac,  Butte,  uia 

Stared              S-  Gee  '^asr,  Helena*  Moatana, 

a  Board  >i  Health,  :ie!leaa,  Montana, 

.  Sfcaapson,  Blreotor,  .'ialc.tioas  Division,, 

a  Geaa-i  Montana, 

of  ae.:  onal  Office,  Billiagse 

F,  WiUdx  tte  Vote  [eleaa,  Montana 

.it ion  Control*  U*  So 
Health  S<  tiashlc 


la  addition  to  the  above  individuals  contacted  at  meetings,  there 
were  a  umber  of  persona  talked  with  along  the  route  of  the  survey 
who  fur  d shed  data  and  information  of  assistance,  and  who  provided 
b&okgro  Mid  concerning  local  views  on  proposed  deva?»oprBnts* 

Areas  1 jvolved * 

—I  i      '  ■  i       •        J  mini  i 

Ih  i  areas  involved  as  the  source  of  pulpwood  for  potential  mills, 
along  vKth  the  locations  of  the  sites  considered  in  this  preliminary 
survey,  are  shown  in  Map  So.  1,  appended*     Ihe  Billings  site  is  the 
only  adlitlcnal  site  for  a  mill  considered  in  this  report  that  is  not  shown 
with  a  colored  portion  of  the  map  showing  the  potential  source  of  pulp- 
wood  fo  r  the  mill*     In  the  event  of  aonstruction  of  a  mill  in  the  future  at 
this  location,  further  study  will  undoubtedly  need  to  be  given  to  the  pulp-» 
wood  supply  situation*     Alao  there  are  present  water  pollution  problems 
in  the  Yellowstone  Basin  (l)s  and  which  will  be  disoussed  later* 

Pulpwood  producing  areas  shown  are  only  those  Bast  of  the  Continental 
Diiftde  In  Montana*     There  are  similar  developments  under  consideration 
in  the   Western  portion  of  the  State,,  such  projeots  to  be  given  attention 
from  thi  pollution  point  of  view  in  future  studios* 

Thi  locations  viewed  as  potential  sites  for  pulp  mills  are  designate 
by  area  i  circled  on  Map  !Jo*  1*     She  routes  followed  between  this  site  msy 
be  trao3d  on  this  cap*    The  survey  group  proceeded  from  Billings  to 
Idvingeion  along  the  Yellowstone  Biver  an  U*  S.  Boute  #10,  and  from  there 
West  ob  the  same  highway  through  Bossman  pass  to  Eire©  Forks,     Gn  leaving 
33ar©e  Series  U*  S«  Boute  #10N  was  followed  Eorth  though  Winston  to  Helena* 
The  cos  iitions  along  the  Upper  Missouri  Biver  vers  viewed  through  a  trip 
to  the  lanyon  Ferry  ^em  and  area  to  be  occupied  by  the  new  reservoir. 
Figure  i  and  3,  and  by  following  U«  Sc  Boute  #81  to  Great  Falls*    Access 
to  the  (loiter  Dam  and  lake  was  from  this  last  mentioned  highway  *     It  v/ili 
be  evidant  from  the  :mp  that  most  of  the  sections  of  the  rivers  involved 
eould  ta  observed  from  the  routes  followed* 


(l)     Yellowstone  River  Drainage  Basin j     •&  cooperative  State-Federal 
Beport  rtn  V7ater  Pollution,  ifcnuary,,  1962,  Water  Pollution  Series  !Io.  23 
Montens,  Beard  of  Health,  3*  Dakota  Boot-  of  Health,  %oaing  Depfc*  of 
•Public  Healthy  and  Missouri  Drainage  Basin  Offioe,  Publio  Health  Servieo 

Federal  Seouriiy  Jvgoaey* 


Eaport  on  Proposed  Pulp  Mill  Doirelopraonts 
In  S&xtbansi 


Figaro  3  «    Views  of  Djssn  of  the  lioatam  Power  Company  and  existing 
Lake  Seidell  upstream   from  the  Gaigron  ^es^y  Projeoto 
Most  of  the  area  in  the  foreground  wi?il  be  flooded  by 
the  new  reservoir  a  rrovidiog  -water  storage  capacity  of 
OTsy  two  xailllon  aci  a  feet  in  this  par^fc  of  the  Upper1 
Missouri  Elver  Basin. 


-  ?.( 


Ivtiitwd  storage  of  \mter  is  provided  "br/-  present  reservoirs  created 
by  hydr  jeleotrio  devalopmes&s  alon^  the  Upper  Missouri  River  *  but 
ooraplet  on  of  the  Canyon  Fcsry  project  will  provide  in  excess  of  tvs> 
million  acre  foot  of  3torag©  affectlog  siKinaca  f lows  to  be  expected  be« 
lor;  the  dam  site  near  Holera* 

L&x doipal,  agricultural,  industrial,  rcoreaticr&l  and  other  develop- 
ments iw  re  observed  in  the  area  involved  in  this  survey*    General  oon*» 
ditions  existing  ar3  described  under  the  following  subheadings* 

Ye!  lowgfeone  River  tegias     The  previously  mentioned  report  of 
Vbtor?c  ISzcion  in  tlHe^sTi^wstone  Basin  (1),  aussa&rised  existing  con- 
ditions;  stated,  in  part,  as  follows: 

Ehf   drainage  area  of  the  Yellowstone  i£  rieh  in  natural  resources* 
Its  soil  3  are  fertile  and  only  the  addition  of  mter  is  needed  to  pro&uc-s 
abundant  crops  of  wheat,  beans  9  leguries,  aac  sugar  beets e      Vast  oil 
fields  i  aderlio  the  area  producing  large  anoints  of  crude  oil  for  th© 
petrolota  industry*     Quantities  of  coal,  gypsum,  bentonite,  sulfur, 
phosphat  i,  gald,  ohromite,  e  opp®r»  tiaigstens  silver,  iron,  sine*  lead, 
and  molybdenum  are  mined  annually*     The  Yellow3tojas«a  Titers  have 
great  pc  bentiali-fcy  for  hydroelectric  powsr* 

*Bi3  papulation  of  the  Basin  is  relatively  spars®  and  o  cssaunities 
are  small  and  widely  separated*     Bil lings 9  Montana^  is  the  largest  city 
with  a  £ ipulation  of  31,734  in  1930.     Most  of  the  cities  are  located  on 
or  i!sar   ;he  watercourses  and  us©  the  streams  extensively  for  water  supply 
and  sewa  ;e  disposal.     Sport  fishing  is  a  thriving  and  valuable  use  of 
water  In  the  headwaters  of  the  Yellowstone  and  its  several  tributaries* 
The  swif  >.  currents  and  cold  temperature  of  the  mter  are  not  conducive  to 
bathing* 

"Industrial  wastes  containing  oil»  phenolic  compounds,  cyanide , 
rook  floir,  and  other  substencea  havu  taken  a  heavy  toll  of  fishery  values. 
Toxic  ma -.©rials  have  caused  more  damage  to  fish  life  than  have  organic 
wastes •     Significant  depletion  of  oxygen  has  never  been  reported  in  any 
of  the  s  reams  in  the  Basin*.     'Jhere  is  evideaocg,  however  <,  to  indicate 
that  sosi  public  water  supplies  have  been  adversely  affected  hy  pollution* 
The  use  >f  polluted  waters  for  the  irrigation  of  food  crops  is  a  matter 
of  o  one  i  lor  able  oonoern  to  health  authorities*  *  *  * 

™*    »  •  The  effect  of  the  regulation  of  streams  en  sewage  and  in- 
dustrial waste  diposal  neede  has  not  yot  been  ascertained*    Additional 
inf ormat:  .on  concerning  reseivoir  releases  will  be  needed  before  an 


evaluation  oan  be  made*        ...  of  settleable  materials  from  both, 
domestic  aevjnge  and  Industrial  war.       >ommendQd  by  pollution  con?* 
trol  agencies  of  th^  Basi:  aa  a  minimum  repair:     ;or  controlling 

pollut  L022',  •  •  .n 

:rb  provides  considerable  a&Iitioral  information  of  ' 
used  ii  tiie  present  study,  but  rei     :>  is  mads  to  this  docuxnent  (-) 
for  au*h  details. 

:aer  Ifissouri  Hiver  Basins  There  ha3  been  issued  recently  a 
similar  report  on  p'oITuHon"',i,br'",':tiie  Upper  Missouri  Eiver  Drainage  Basin 
(2).  The  essential  information  for  this  area  relating  to  this  survey 
is  described,  in  part,  as  follows e 

\&  natural  resources  are  many  and  great •  The  mountains  are 
covers  1  with  extensive  forests,  and  considerable  quantities  of  gold, 
silver,  lead,  zinc,  coal,  and  phosphate  are  mined  from  them  each  year* 
Oil  ex  i  gas  are  produced  from  widely  scattered  fields-  Snca**f  ed  streams 
flowin-;  downward  from  the  mountains  are  used  to  generate  large  quantities 
of  electrical  power  and  to  provide  water  £  or  numerous  irrigation  projects. 
Soils  :>f  high  fertility  are  found  in  numerous  places,  but  in  most  instances 
need  w  iter  in  order  t  o  produce  abundant  yields  of  wheat,  alfalfa,  sugas? 
baets  and  similar  crops*  The  natural  beauty  of  the  mountains  and  waterways 
is  becoming  an  increasing! .y  important  tourist  attract ion8  as  revenue  in 
*lont<*za  from  the  tourist  trade  now  closely  rivals  that  from  agriculture  or 
industry* 

ni3uoh  of  the  Basin  is  semiarid  to  arid;,  with  most  of  the  preoipita  - 
tion  c scarring  as  snowfall.  Strearas  originating  in  and  flowing  through 
the  e&  antaincus  sections  generally  have  stable  flows  while  those  originating 
in  and  flowing  through  the  high  plains  usually  have  smaller  and  more 
erratic  flows,  ft&ter  conservation  is  necessary  in  much  of  the  area  to 
provics  for  domestic  needs*  irr5.gation,  power  production,  livestock 
waterlog,  and  recreation,  including  fishing,  hunting,  swimming,  and  boating* 
She  mere  stable  headmtor  streams,  together  with  mountain  lakes,  provide 
outstanding  trout  fishing* 

r3he  potential  of  the  water  resources  is  being  developed  by  local, 
State3  and  national  interests*  Development  is  greatly  enhanced  by  the 
Kisser  ?i  Eiver  Basin  water  and  land  conservation  and  development  program 
which  proposes  to  construct  19  now  reservoirs  in  the  region* 


(2)  l.'pper  Missouri  Hi-yor  Ba3inc  A  eooperative  State-Federal  Report 
on  Tfete*  Pollution,  ISay,  1952,  Water  Pollution  Series  Ho.  25,  Montana 
Board  of  Health,  and  the  Missouri  Drainage*  Basin  Office,  Public  Health 
Service^  Federal  Security  Agency. 


Some  c            reservoirs  L...  r,  as  7  2he  fa?esiend~ 

ous  Po  *fc  Peek  Keservoir  an  ir  1           »  since  .     Its  prime 

'been  to  supp]  vigation  •  .    orate  flc 

'"jawar   y---'  He  and  ■-   Mississippi 

»r,  and  1  r«    Most  0  new  reservoirs 

will  oj  nultiplo-parpo  »ts* 

"'  lie  Upper  Basin  ii        *  lely  pc  d>  averaging 

less  fan  3«6  people. per  square  mi:  j*     Its  major  cities  are  Great  Falls, 
Helena,  and  BoEsmai£*  Hcntsna,  with  1950  populatit  ?  about  39,000, 

17,500,  and  11,250  people  respectively*     F.?incipa:.  iidustr3.es  include 
the  purification  0:*  oopper,  sine,  silver  anc.  gslds  refining  of 

potroX'  -urns  flour  miiliagj  and  boat  sugar  production,     T&&  grasing  of 
livest  .ok  on  the  vast  pasture  landt  i  as  one  of  the   earliest  occupations 
and  retains  en  impoi.*fcant  gsricultus  &1  pursuit*" 

Pi-r  details  oonoernirg  existing  ooacli'sians  in  the  Upper  Missouri 
l&ver  ."asin,  reference  should  be  mile  to  the  l&dicat^d  report..    TTioae 
sliowin;  areas  near  proposed  id.ll  sites*  the  character  of  various 
seotio:i)  of  the  stream,  hydroelectric  in<!tj'vllatianss  reservoir  areas, 
and  ot1  or  developments  are  shevm  ii   Figures  1  to 


PULP  IflXLL  SIKSr. 


He  pulp  mill  sites  that  have  been  j  reposed,,  see  Map  #1,  tako  into 
account   both  the  pulpwood  3  oaveniently  available  from  rensstabl©  timber 
rescuros  in  the  :aruntain  areas,  shown  in  color  on  the  map,  and  the 
•Rater  sasourees  available  for  pulp  mill  operations  and  dilution  of 
effluerts*     These  sites  are  considered  from  th«s@  points  of  view  under 
the  following  sub^he  adings  s 

IAvin^s  son  HilX  Site t 

21 3  site  at  Livingston  (Slev*  4,486,  U»S*G*£.)  is  a  convenient  mill* 
ing  poiifc  fbr  mueh  timber  on  the  GaT; latin  National  Forest  and  some  on 
the  Cusaer  national  Forest.     It  is  estimated  that  tho  allocable  annual 
out  of  pulpraood  tributary  to  this  point  is  127s000  cords  broken  down  as 
follows  by  speoie3. 


Cords 

Douglas  fir 

?£ffi5 

Alpine  f  Or 

4,985 

Spruce 

11,426 

Lodgepole  pine 

81,439 

Tflhite  bark  &  li-abo.i*  pin 

2,552 

Aspen 

319 

iWjSBT 

LC   •» 


As  regards  atreaii  flow  records,  kept  since  October  1937,  the 
minimum  flow  of  the  Y ollonsstone  Siver  at  Livings'son  was  590  cubic 
feet  per  second  on  January  22 ,  1940  « 

Qao  of  the  inporhant  cons i derations  in  establishing  a  pulp  industry 
near  Livingston  ie  tho  eff  eota  any  plant  looatod  he:-©  would  have  on  the 
recreational  use  of  the  stream  which  is  f 2nous  for  its  fishing* 

Billies  Mill  Sites 

As  before  mentioned,  no  puljwood  resource  a;rea  is  shown  in  color 
on  Lfep  $1  for  a  proposed  mill  site  at  Billings  (:21c>*?.  8,127  tf*S*Gr»S*) 

Soiae  of  the  timtxar  tributary  to  Livingston  might  as  an  alternative 
be  pulped  at  Billings       2he  annual  allocable  cut  of  pulpwood  which  could 
be  supported  by  this    ;imber  is  approoeimatsly  69,000  cords* 

Oords 


Douglas  fir 

11,310 

A."  .pine  fir 

2,778 

Spruoe 

6,300 

&>dg©pole  pine 

46,229 

Hliite  bark  &  limber  pine 

1,064 

Aspen 

272 

%tij3&£ 

ifihile  stream  flons  in  the  Yellowstono  Blver  at  Billings  would  b© 
higher  thaa  at  Idling  ;ton,  consideration  of  Billings  as  a  pulpmill  site 

must  take  into  aocoun;  the  already  existing  pollution  at  this  pointo 

Three  Porks  Mill  Site • 

The  Three  Fcrks  mill  site  (Elev«  4S058  U»S«G*3)  ^ould  be  near  the 
confluence  of  the  Jefferson,  Madison  and  Sfcllatla.  JQivera,  forming  tho 
Missouri*     There  would  be  more  timber  tributary  bo  a  pulp  mill  at  this 
site  than  to  any  other  point  in  Eastern  Montana  \'/ith  adequate  water  f  losr© 
The  allowable  cut  of  pulpwood  tributary  to  Three  Forks  is  estimated  to 
be  442,000  cords  per  year* 


' 


! 


Cords 


Douglas  fir 

52,727 

Alpine  fir 

23,237 

Spruce 

32,78? 

LodgQpolo  pins 

318,988 

White  bark  &  limber  pine 

5,077 

Aspen 

3,2X5 

°TSP33T* 

The  allowable  out  would  come  from  the  Beaverhead,  Gallatin, 
Eearlodge,  Helena,  and  Lewis  &  Clark  National  Forests* 

The  minimum  recorded  atresia  flow  on  the  Missouri  .River  near 
Three  Porks  sinoe  1932  was  280  oubio  feet  per  second  on  March  3,  1933 » 

Because  there  is  such  a  largo  allowable  cut  available  for  pulping  at 
Three  Forks,  the  question  of  adequacy  of  water  flow  is  probably  more 
acute  here  than  at  any  other  one  of  the  milling  points  considered  if  a 
mill  of  large  enough  capaoity  to  handle  available  pulpwood  were  built  at 
this  site* 

> 

TEElnaton  Mill  Sites 

The  V&nston  mill  site  (Elev»  4,350  U.S,G»S),  located  near  Helena, 
might  involve  a  river  location  or  border  the  reservoir  being  created  by 
construction  of  the  Canyon  Ferry  Dam. 

Approximately  90,000  cords  of  pulpwood  per  year  are  tributary  to 
the  Helena  area* 

Cords 


Douglas  fir 

84.815 

Alpine  fir 

3,807 

Spruce 

5,976 

Lodgepole  pine 

54,500 

H?hite  bark  &  limber  pine 

1,182 

Aspen 

348 

90,^08' 

One  advantage  a  mill  in  this  locality  would  have  from  t  he  raw  material 
supply  point  of  view  is  that  the  timber  is  close  by. 

Stream  flew  records  at  Toston,  above  Winston,  sinoa  1952  indicate  a 
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minimum  flow  of  280  cubic  foot  per  second  on  March  3P  1938 0    With  the 
completion  of  the  Canyon  Ferry  Dam,  any  pulpmill  located  near  Winston 
would  be  on  or  near  slack  water.     This  raises  the  question  as  to  wheth= 
er  the  practice  of  discharge  of  pulpmill  effluent  into  a  reservoir  is 
to  be  preferred  to  discharge  to  a  stream. 

Great  Falls  Mill  Site: 


The  Great  Falls  mill  site  (Elev„  3,357  U.S.G.S.),  would  be  in  a 
stream  sector  now  extensively  developed  for  hydroelectric  power  pro- 
duction, see  Figures  4  to  6,  and  in  an  area  which  has  made  substantial 
industrial  progress.     Pulpwood  resources  at  this  site  would  be  further 
from  the  pulp  mill  than  the  upstream  locations  along  the  Missouri  Kiver, 

Approximately  80,000  cords  of  pulpwood  per  year  are  tributary  to 
the  Great  Falls  area. 

Cords 


Douglas  fir 

9,613 

Alpine  fir 

5,839 

Spruce 

10,086 

Lodgepole  pine 

53,637 

White  bark  &  limber  pine 

1,179 

Aspen 

563 

80,972 

The  stream  flow  records  at  Fort  Benton,  below  Great  Falls,  indicate 
the  minimum  flow  of  the  Missouri  at  that  point  sine©  1932  was  627  cubic 
feet  per  second  on  July  5»   1936. 

A  factor  taken  into  account  in  these  studies  in  considering  Great 
Falls  as  a  pulpnill  sit©  is  the  existing  pollution  from  industrial  waste 
and  sewage. 

A  further  sit©  suggested  for  construction  of  a  pulp  mill  was  along 
Wolf  Creek,  but  this  was  eliminated  from  consideration  in  this  survey. 

PULP  PRODUCTION 

The  pulp  production  possible  at  each  of  the  foregoing  mill  sites  may 
be  estimated  from  the  cords  of  pulpwood  available,  but  the  matter  of  water 
pollution  control  among  other  important  factors  to  be  considered  will 
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Figure  4.  -  Rainbow  Baia  about  10  miles  downstream  from  Great  Falls^, 
Montana 9  «=  on©  of  the  locations  being  considered  for  a  pulp  mill© 
During  low  isatar  periods  most  of  the  river  flow  is  diverted  above 
the  falls 2  sho»n  in  the  foreground^  for  hydroelectric  power  production 


» 
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Figure  5  -  Power  plant  bel@sr  the  Rainbow  Dam,  showing  canyon  restrict* 
ing  the  reservoir  areas  behind  the  several  dams  along  this 
section  of  the  Missouri  River. 


t 
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Figure  6  =    Below  the  Morony  Dam  and  Power  Plant,  there  are  no  flow- 

ages  downstream  until  th©  Missouri  River  reaches  the  Port 
Peck  Reservoir o     The  stream  has  a"  fairly  rapid  flos?  from 
this  point  through  ?ort  Benton  «  Montana. 
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Figur®  6  =    Below  the  Morony  Dam  and  Power  Plant ff  there  are  no  flow= 
ages  downstream  until  the  Missouri  River  reaches  the  Fort 
Peck  Reservoir o     The  stream  has  a"  :?airly  rapid  flee?  from 
this  point  through  Fort  Benton  -  Montana. 
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in.flr.eace  final  decisions*  The  proposals  to  develop  such  Industry  in 
Montana  coincides  with  the  grc-iing  needs  for  pulp,  which  are  raf/.ectsd 
in  the  authorization  of  the  Defense  Production  Administration  under  date 
of  Me.rch  20,  1952,,  Tiis  provides  setting  forth  pulp,  paper  and  paper~ 
boarc.  goals  for  an  expansion  o.f  1, 034,000  tons  annually  in  unbleached 
sulphate  wood  pulp  production,  to  bring  the  capacity  up  to  7,212,000 
tons  per  year  by  1956* 

For  the  purpose  of  a  comparative  study  of  the  mill  sites,  it  was 
agreed  to  select  s  daily  production  capacity  of  200  tons  of  pulp„  The 
view  expressed  was  that  developments  in  the  araa  under  consideration 
would  probably  be  confined  to  production  of  kraft  pulp*  Other  methods 
of  pulping  were  of  interest,  however,  and  it  is  possible  that  present 
views  on  the  kind  of  ;oulp  production  will  change  „  Interest  was  expressed 
in  other  wood  pulping  procedures,  and  ways  and  means  for  keeping  pol- 
luticnal  wastes  at  a  minimum • 

In  this  report  the  effluent  to  o®  expected  from  a  modern  200  ton 
sulphate,  or  kraft,  pulp  mill,  with  proper  operation,  as  evaluated  in 
studies  elsewhere  in  recent  years,  was  used  as  the  basis  of  comparison 
of  the  suitability  of  sites  suggested  for  pulp  mills  in  Montana. 

To  follow-up  requests  made  during  the  survey  and  to  aid  in  an  un=> 
derstanding  of  conclusions  reached,  the  process  used  in  a  modern  kraft 
mill  is  described  under  the  following  heading. 

Before  proceeding  with  this  description,  however,  the  information 
furnished  by  the  Northern  Rocky  Mountain  Forest  and  Rang®  Experiment 
Station,  Missoula,  indicates  that  there  has  been  an  increasing  amount 
of  pulpwood  marketed  in  recent  years  <,  This  pulprrocd  has  been  sold  to 
mills  in  the  middi©-=*rest<>  The  total  amount  of  pulpwood  from  the  allow- 
able cut  in  Montana,  particularly  frcm  the  area  involved  in  this  survey 
in  Scuth  Central  Montana,  would  amply  take  care  of  the  n<*eds  for  several 
pulp  mills o 

Frcm  the  conservation  point  of 'view,  the  cat  of  pulpwood  would  in= 
elude  dead  tlmoer,  most  of  w  ieh  is  lodge  pole  pine0  It  is  understood 
this  is  quite  suitable  for  pulping  by  the  kraft  process,  being  only 
slightly  inferior  to  green  lodge  pole  pine  East  of  the  Continental  Divide  <> 
It  is  stated  tliat  ths;re  is  enough  of  th®  dead  timber  ax^ailable  to  keep 
several  mills  running  a  long  time  ^without  cutting  a  stick  of  green  timber5',, 


SULPHA TS  (KKi  FT)    PROCESS 


Description: 


The  sulphate  process  for  making  pulp  and  paper  from  wood  is 
essentially  a  procedure  for  separating  cellulose  fibers  frcni  non- 
oellulosic  substances  in  the  woodo     The  process  gats  its  name  from 
one  cf  tho  principal  raw  materials*  sodium  sulphite,  referred  to  as 
salt  cakBo     The  term  "kraft"  if;  also  applied  to  feriia  process ,  derived 
front  Swedish  meaning  strong o    A  more  exact  name,   chemically  speakings 
woulc  he  the  "Sulphide  Process1  ,  since  the  aodiu:.  sulphate  or  salt  cake 
must  be  reduced  bef ore  use  to  sodium  sulphide .     Wnile  sulphate  and  kraft 
have  been  ussd  synonymously,  k?a£t  has  came  to  uean  the  high  strength 
product  now  being  manufactured  at  niany  mills,  particularly  in  the  South, 

Initially,  use  of  kraft  pulp  was  confined  mostly  to  coarse  papers 
and  board  products  0     Uses  for  t.ne  palp  have  been  jreatly  extended 0    At 
present  even  dissolving  pulpp  containing  over  951  alpha  cellulose,  is 
produced  by  the  kraft  process  followed  by  hleachlig  treatstsnt  for  the 
pulpc     Modifications  of  the  kraft  process  have  miie  it  possible  to  pulp 
hardwoods  as  well  as  pins  and  other  coniferous  waod3.     These  develop- 
ments have  contri  uted  to  a  rasiarkable  growth  of  the  kraft  pulping  in- 
dustry in  recent  years. 

Continuous  improvements  3ja  equipment  and  procedure  have  followed 
the  first  use  of  the  process 0     Chemical  requirements  for  kraft  pulping 
have  greatly  exceeded  most  oth?:r  processes,  and  its  application  has  al- 
ways depended  on  recovery  of  chemicals  and  heat  valtae  of  the  llgniai;  and 
other  substances  cooked  from  the  woodo    Advances  durins?  th»  xv,a*.  ♦*».    to 
fifteen  years  have  brought  recovery  and  utilisation  facilities  available 
to  a  high  degree  cf  efficiency. 

In  a  modern  kraft  pulp  mill,  most  of  the  c "-ismioals  are  recovered 
and  processed  for  use  again,     Recovery  values  of  95$  can  be  attained „ 
Even  dust  formed  while  processing  dry  materials,  and  previously  lost, 
is  reclaimed  by  electrostatic  i..ethods0     Fuel  requirements  have  been  re- 
duced by  better  heat  recovery  <>     Mew  equipment  keeps  pulp  losses  at  a 
miniajiiic.     These  developments  to  reduce  waste,  toother  with  recovery 
of  by-products,  have  resulted  in  more  and  better  pulp  with  lass  use  of 
materials. 

The  attached  flow  diagram  for  a  kraft  pulp  mill,  Figure  7  will  De 
of  assistance  in  connection  with ' the ' following  description  of  the  kraft 
wood  pulping  process. 
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g£S82££&2sm     Pulpwood  logs,  sewed  to  suitable  length,  are 


conveyed  mechanical  3y  to  revolving  barking  drums  where  they  are  tumbled, 
rubbing  against  the  sides  of  the  drums  033d  each  other  until  the  bark  is  re- 
moved* The  baric  falls  through  slots  in  the  drums  and  is  transported  by 
oonveyor3  to  the  boiler  room,  where  it  is  burned  to  supply  a  part  of  the 
mill  fuel  requirements*  The  bark  has  no  value  in  paper  making* 

I^rdraulic  barking  of  pulpaood  has  Wen      ad  in  some  mills  * 
including  some  in  the  itorthwost.  Th©  bark  is  1  I  from  the  logs  by 

a  jet  of  water  operated  under  high  pressure.  Xb       y  of  theater 
hittii^g  the  logs  effectively  strips  away  the  bar     cleans  the  pulpwood* 
Shis  requires  large  volumes  of  water  and  nay  occasion  a  disposal  prob* 
iem* 

Logs  with  the  bark  removed  are  either  sent  to  storage  or  to  chippers> 
These  shippers  are  heavy  rotating  discs  equipped  with  steel  knives  that 
out  the  logs  into  square  chips  usually  ranging  from  X/2"  to  1"  in  sise* 
These  must  be  screened  as  oliips  over  ln  may  not  be  thoroughly  cooked  in  "81© 
time  they  are  ta  the  digesters,  and  chips  under  l/4"  would  be  overccokeda 
resulting  in  a  loss  of  wood «  Slivers  are  removed*  fie^eots  are  sent  to 
the  boiler  house  for  fuel*  She  chips  are  stored  in  round  hopper  bottomed 
tanks 8  called  chip  bins* 

Digestion  ( Cooking]  Process s  Prom  the  chip  bins ,  the  ohips  are  dis« 
chargeo" '  skfcb' "  oagesiaVs,  large  cylindrical,  steel  retorts  In  which  tho  ohips 
are  acted  on  with  suitable  chemicals  at  elevated  temperature  to  effect  a" 
separation  of  cellulose  fibers «  A  digester  is  charged  from  the  top  with  a 
given  amount  of  wood  chips,  and  the  cooking  liquor  is  added*  The  cooking 
liquor*  called  "white  liquor",  is  composed  of  about  2/fe  sodium  hydroxide 
and  1^  sodium  sulphide  in  solution*  Prior  to  adding  any  liquor  to  th© 
digester*  the  white  liquor  is  analysed  to  determine  the  ogaot  amcuxjt  of 
hydros&d©  and  sulphide,  called  "active  alkali"  •  Eh©  volume  in  gallons 
necessary  to  give  a  definite  weight  in  poinds  of  active  chemical  is  then 
carefully  measured  out  in  proportioning  tanks*  '£his  valine  of  white  liquor 
is  supplemented  with  so-called  "black  liquor"  5  th©  liquor  onqe  u3ed  foy- 
cooking  which  has  practically  no  active  ingre&ieiifcs  left  but  is  utilised 
simply  for  additional  liquid  volume  is  filling  the  digester.  Following 
i&ese  charging  operations ,  requiring  about  twenty  minutes,  the  cover  of  th© 
digester  is  bolted  tight  and  steam  applied  to  start  the  oooking* 

The  total  cooking  time  is  about  2  $/4  hour3,  with  about  1  S/4  to  Z 
hours  being  required  to  raise  the  temperator©  and  pressure  to  the  correct 
amounts  t  for  example,  S43°P.  and  110  lbs*,  respectively^  The  cooking  is 
continued  at  full  temperature  for  3/4  to  1  hcur> 

During  this  cook,  th©  chemical  reaction,  is  essentially  hydrolysis  of 
lignin  and  carbohydrates,  with  the  formation  of  oompounds  soluble  in  water 
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or  excess  alkali •  Sodium  hydroxide  is  the  solvent  that  acts  on  the  wood 
ohips*  The  sodium  sulphido  present  doos  not  act  directly  on  the  wood, 
"but  by  decomposing  it  breaks  down  to  liberate  sodium  hydroxide  as  the 
concentration  of  sodium  hydroxide  is  reduced  by  use»  Thus  the  sodium 
sulphido  serves  as  a  reserve  supply  of  sodium  hydroxide  e  making  unneces- 
sary a  high  enough  concentration  of  the  sodium  hydroxide  at  any  time  dur- 
ing tho  oook  to  decrease  the  yield  and  weaken  the  pulp.  This  reaction  of 
sodium  sulphide  explains  the  greater  yield  and  stronger  pulp  produced  \?y 
the  kra.rt  process  as  compared  vdth  the  "Soda  Process" ,  which  also  uses 
sodium  hydroxide  as  the  chief  solv^ait*  The  fata  and  resins  in  the  wood 
are  saponified.,  rendered  soluble,  and  later  separated  and  recovered*  This 
recovery  is  important  in  reducing  pollution,,  as  will  be  discussed  later. 
Cellulose  fiber  left  free  and  in  suspension,  is  the  pulp.. 

Another  step  in  the  prooess  of  interest  from  the  waste  control  point 
of  vievr  Le  turpentine  recovery.   In  the  steaming  of  the  wood  ohips ,  the 
digester  is  vented  to  a  condenser.  The  condensate  is  passed  through  a 
turpentine  separator,  and  the  reclaimed  turpentine  is  drawn  off  to  storage* 

At  the  and  of  the  cook,  the  digester  is  "blown",  the  term  used  for 
quick  emptying  of  the  pulp  into  a  container  called  a  blow  tank."  The 
pressure  is  brought  down  to  atanospheric,  reducing  the  temperature  to  about 
220°F«  and  stopping  the  digestion.  The  drop  in  temperature  and  pressure 
causes  a  large  amount  of  low  pressure  steam  to  be  formed.  This  steam  can 
bo  condensed  with  a  jet  condenser  to  water  having  a  temperature  of  195° 
to  2Q0oP»a   and  used  for  washing  pulp. 

Pulp  Trashing  *  The  contents  of  the  blow  tank  resulting  from  the  empty* 
ing  of  "the  digester  are  too  thick  to  pump*  It  is  necessary  to  dilute  th« 
pulp  with  black  liquor  from  storage  to  about  4t%  fiber©  The  black  liquor 
used  is  removed  from  the  pulp  in  washing  operations  to  be  described. 
Automatic  equipment  is  available  to  control  dilution. 

Knots  nay  be  removed  either  before  or  after  pulp  washing  operations > 
and  the  knots  and  big  ohips  that  are  not  cooked  are  returned  to  the  digesters 
From  the  knotter  the  pulp,  referred  to  at  this  stage  as  'brown  stock", 
diluted  to  about  1  1/2%  fiber,  is  sent  to  tho  xsashers. 

In  modern  mills,  the  earlier  "diffuser"  washing  facilities  have  given 
way  to  more  efficient  counter  current  pulp  washers  utilising  three  or  four 
rotary  vacuum  filters.  Each  of  these  filters  has  a  revolving  drum,  or 
cylinder,  covered  with  a  stainloss  steel  wire  cloth  v/ith  about  40  meshes  to 
the  inch.  The  lower  portion  of  tho  filter  is  undor  a  vaouum  and  draws  the 
liquor  throuji  the  wire  cloth  leaving  the  pulp  on  the  v/ire  sisrfaoe,  tho  pulp 
being  washed  by  showers  as  the  drum  slowly  turns. 


Pulp  is  washed  en  the  first  filter  with  :?;.lbrate  from  the  second 
stage  vacuum  filter.     The  palp  leaving  the  first  stage  contains  1\%  to 
15%  fiber*  which  ie  diluted  to  about  1%  by  filtrate  from  the  second  stage* 
passer  on  to  the  second  filter  uni  *;;  *ore  it  is  washed  with  filtrate  from 
the  tl  ird  stage,  aid  a/jain  tbiokenod  to  around  10%  to  12$S  fiber.     Th<$ 
proco*  s  is  repeated  ..in  t&3  third  ai:d  fourth  st^es,  except  that  the  fiaai 
wash  5  3  wiJoh  hot  ws-tsr.  reused  water  generally  employed  in  keoping  water 
requli  «mmb&  and  lessors  at  a  a?iniE.«a« 


From  the  last » rotary  filter  in  this  oouzroer  current  washing  ays-bam, 
the  c]ean  stock  is  disaharg-sd  to  storage.    While  it  is  important  that  the 
stock  be  clean,  it  is  also  oss-sntial  that  -fee  least  possible  amount  of 
water  ba  used  sines  it  must  be  evaporated  in  the  shomical  recovery  Carole  to 
be  de«oribcjd. 

The  washed  pulp  is  delivered  at  a  "corsistejay"  of  about  4^  fiber  to 
the  re  living  operatioii,  pausing  through  a  weight  regulator  and  f  rcsa  there. 
diluted  Kith  water  to  1  l/4J$  consiirteroy  c-oing  to  tho  screen  msits* 

Pulp  Screenings     The  pulp  nay  be  conveyed  to  ordinary  flat  screens , 
or  discharged  througn  a  mixing  pump  to  a  f laae-  £ 'Ijaiisg  to  oentrifugal 
sereor  3»     The  latter  type  of  soreen  is  equipped  with  fine  scresaa  plates 
againsk  which  the  pulp  flow  is.  thrown  by  centrifugal  fore©.    !£he  last  of 
tho  uzcbdksd  chips  and  knot»i  xre  removed.     2!he  tailings  from  the  screens  are 
removed  and  may  be  reolaiac'l  either  as  wet  lap  stock  on  wet  machines e  or 
may  bs  sent  to  a  device  whioh  mechanically  breaks  the  reboots  up  into  fiber 
ia  -Qie  presence  of  hot  liquor*     2hs  fiber  and  liquor  are  discharged  to  the 
blew  t*ok,.  the  process  being  called  "rejeot  refining.." 

She  screened  pulp  is  passed  over  a  thickener  to  take  out  water  and 
produce  "dookered    stocik  of  about  &%  fiber-     The  pulp  is  delivered  to 
storaga,  ready  now  to  be  pumped,  diluted  to  suitable  consistency  with 
aajhiteaater,,1>  or  reused  wator,  to  tho  pulp  bleaching  system,  or  direot 
to  t3n  machine  ehest  and  equipment  for  oon.vert.ing  the  pulp  into  th©  final 
product* 

CSieBBJcal  Recovery  System*    Aa  previously  pointed  out,  the  chemicals 
used  iaTine  kraft'  p'rbooss  are  recovered  in  large  part  and  not  permitted 
to  go  bo  waste.    The  Taow  from  the  covntsr  current  pulp  washers  containing 
most  c*ihe  spent  oheuiuals,  called  black  liquor  bscause  of  its  dark  color, 
is  cox  Toyed  to  a.  black  liquor  store-go  tank.*    The  blaok  liquor  goes  through 
a  chesioal  recovery  sy.-stem,  which  nay  be  briefly  described  as  follows  s 
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Essentially  the  procedure  involves  removal  of  water  from  tho  black 
liquor  by  evaporation,  separation  of  organic  and  inorganic  materials  by 
burning  out  the  origani©  substances,  addition  of  salt  cake  Eiake  up  at  the. 
furnace  v/ith  its  cliemioal  roduotlon  under  temperatures  maintained  in  the 
furnace  and  oausticization  of  the  soda  with  lime  and  vd.th  later  rooovezy 
of  tie  lime  "by  burning  to  remove  carbon  dioxide  in  a  lima  kiln*  Baf arena© 
to  the  flow  diagram*  Figure  7&  will  be  helpful  in  following  the  main  stops 
in  the  chemical  recovery  cycle* 

23to  weak  black  liquor  is  concentrated  to  a  viscous  solution  of  about 
50%  solids. by  steam  heated,  multiple  effect  evaporators,  and  subsequent- 
ly  evaporated  further  by  being  exposed  to  hot  flue  gases  from  the  recovery 
furnace*  This  exposure  to  hot  gases  takes  place  in  a  cascade  evaporator* 
In  modern  practice  as  many  as  six  or  seven  evaporator  units  may  be  employed 
in  multiple  effect  evaporation  to  make  the  least  amount  of  steam  remove 
the  maximum  amount  of  water  from  the  black  liquor* 

A  weighed  amount  of  salt  cake  is  added  to  the  concentrated  black 
liquor  before  being  sprayed  into  the  furnace*  There  is  enough  organic 
matter  in  the  solids  to  burn  and  evaporate  water  left  in  the  black  liquor, 
with  enough  heat  to  spare  for  generation  of  steam  in  a  boiler  located  over 
the  furnace.   In  the  furnace  a  reducing  atmosphere  is  maintained  to  convert 
the  sodium  sulphate  to  sodium  sulphide  by  tho  reaction  $3*50^  /  2C  /  l&at  » 
BbuS  /  2002*  This  reaotion  requires  heat  in  addition  to  vh&t   required  for 
evaporation  of  the  remaining  water  in  the  blaok  liquor,  but  there  is  still 
sufficient  for  production  of  steam  needed  in  the  process* 

A  molten  smelt  is  discharged  from  the  furnace  w§ai«&  2®$$m  $  UK®  sesS 
slag,  or  iron  issuing  from  an  iron  blast  furnace.  2fci$  &&&$&  ±&   «ttaas2dA23$ 
sodium  carbonate  and  sodium  sulphide*  It  is  dissolved  in  weak  msn  li<£«<£? 
from  the  oaustioising  operations,  or  reused  water  from  other  souroos,  until 
a  total  alkali  concentration  in  the  dissolving  tank  of  about  1  pound  of 
sodium  aside  (J5a«0)  P9r  Ga^on  *s  produced*  The  resulting  solution  is 
known  as  ngr<sren  liquor" •  When  the  proper  concentration  is  reached,  it  is 
ready  for  use  in  the  caustic ising  step  in  the  chemical  recovery  cycle * 

Hot  flue  gases  after  passage  from  the  furnace  through  the  cascade 
evaporator  still  contain  considerable  fine  dust.  In  earlier  days  the 
practice  tms  to  discharge  this  to  the  atmosphere*  Modern  mills  usually 
are  presl&sd  with  electric  precipitators  designed  to  remove  more  t  ban  90^2 
of  the  fine  dust,  or  smoke  particles g   which  are  essentially  very  fine 
particles  cf  sodium  sulphate*  These  are  given  an  electrical  charge  and 
in  passing  through  an  electrical  grid,  the  particles  are  attracted  to  rods 
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liaving  an  opposite  charge*  The  smoke  particles  deposited  on  tho  rods  are 
removed  and  mechanically  returned  to  the  chemical  recovery  system* 

^uatioizing >  Green  liquor  is  received  while  hot  from  the  recovery 
system  and1  "clarified*  Drogs  removed  are  thickened,  tmshed,  and  discarded* 
Clarified  green  liquor  is  discharged  to  storage*  then  heated  to  near  boil- 
ing in  connection  with  the  next  operation*  iThich  is  treatment  with  lime 
for  causl;ioi«ing*  The  green  liquor  and  lime  are  proportioned  into  the 
slaking  tank,  with  conversion  of  sodiisn  carbonate  to  sodium  hydroxide  of 
about  30$,  the  reaction  being  I&2CQ3  /  CaO  /  EgO  b  2TfaQh  /  CaOOT«  Com- 
mercial lime  is  used,  containing  seme  rook,  so  it  ia  necessary  to  remoT» 
the  rock  and  grit  by  a  classifying  unit*  The  material  removed  is  ^sashed 
and  discarded*  The  oaustloised  green  liquor  requires  time  for  completion 
of  the  above  reaction,  usually  carried  out  vrith  mechanical  agitation  or 
stirring*  The  time  of  contact  uad®r  agitation  is  important,  sinoe  the 
longer  the  timo  the  higher  tho  conversion  of  carbonate  to  caustic  can  be 
carried  and  with  leas  excess  of  lime*  The  usual  tfcae  is  1  l/Z  to  2  hours* 
The  fully  oausticisod  green  liquor  still  containing  the  line  sludge  is 
called  "white  liquor"* 

Tho  white  liquor  must  be  freed  of  the  lime  sludge*  This  can  be  ac- 
complished with  a  sludge  filter,  or  by  suitable  clarifiers*  The  clarified 
liquor  ia  discharged  to  white  liquor  storage  to  be  used  again  in  the  pulping 
process  previously  described. 

The  lime  sludge  is  then  diluted  with  filtrate  from  the  sludge  filters, 
and  sent  to  a  sludge  "Bashing  systosi.  The  counter  current  principle  is 
again  used*  The  clean,  washed  and  thickened  sludge,  56^  to  58^  solids,  is 
conveyed  to  a  lime  kilm  for  calcining* 

Line  Recovery  «   This  step  in  the  operation  is  essentially  to  convert 
the  lime"to^a  'su'iteib'le  condition  for  reuse*  sludge  from  the  filters  is  oon- 
veyed  to  a  gas  or  oil  fired  lime  kiln,  and  it  is  subjeoted  to  increasing 
temperatures  as  it  passes  toward  the  firing  end*  The  sludge  is  completely 
dried*  and  then  gradually  heated  until  the  temperature  exceeds  1610°F« 
when  it  is  calcined  to  quick  lime,  following  the  reaction  CaCOg  ^  Hsat  s 
CaO  4  C02«  This   reaction  proceeds  faster  as  th©  temperature  approaches 
2000^F*  The  quick  lime  ls'then  ready  for  further  use  in  treating  green 
liquor  in  the  slaking  tank* 

Dust  that  might  cause  atmospheric  pollution  if  discharged  vrith  the 
lime  kiln  flue  gas  can  be  controlled  by  passing  through  a  water  scrubber^ 
trapped,  and  returned  to  the  kiln* 
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The  waste  effluents  from  the  kraft  pulping  process  described  carry 
materials  the  amounts  of  lshioh  depend  upon  equipment  provided  to  reduce 
losses  end  effioienoy  of  individual  plant  operation.  About  half  of  the  pulp 
wood  used  is  dissolved  in  the  cooking  liquor  leaving  a  residue  of  cellulose 
fibers  as  pulp.  Spent  liquors  contain  the  llgnin,  h&mi©ellulose  and  sugars 
from  the  xiood  along  with  chemicals  and  a  small  amount  of  fiber  lost  in  the 
washing  and  dewatering  operations*  Most  of  the  dissolved  materials  are 
concentrated  and  burned  for  their  fuel  value  in  the  chemical  recovery  system. 

In  modern  kraft  mills  the  procedure  in  handling  wastes  consists 
essentially  of  burning  the  bark  from  the  pulp  wood*  burning  or  reccoking 
the  knots,  reprocessing  or  marketing  the  rejects  and  screenings,  recover- 
ing  and  selling  of  turpentine  and  tall  oil,  reclaiming  of  lime  sludge  from 
the  oaustioising  operation,  recovering  the  fiber  for  including  in,  the  product, 
along  with  the  reclaiming  of  the  heat  values  of  dissolved  substances  in  the 
spent  cooking  liquor  and  chemicals  utilised  in  the  process* 

Chemical  recovery  has  reached  a  high  state  of  efficiency.  Operating 
results  at  modern  mills  have  shown  95$  recovery,  one  new  mill  reporting 
only  70  pounds  of  salt  cake  as  the  required  make  up  for  chemicals  lost 
per  ton  of  pulp  produced.  This  mill  is  fully  equipped  to  keep  both  stack 
and  sewer  losses  at  a  minimum. 

Wastes  that  remain  for  disposal  include  lime  slaker  grits  and  dregs 
from  the  oausticizing  step  in  preparation  of  the  cooking  liquor.  These 
insoluble  inorganic  materials  are  usually  disposed  of  in  lagoons,  or  are 
dewatered  and  disposed  of  as  fill  near  the  mill* 

The  process  waste  -sater  or  effluent  that  needs  to  be  disposed  of  from 
a  kraft  mill  will  usually  range  betsreen  20e000  and  40,000  gallons  per  ton- 
This  is  made  up  of  those  waters  not  reused  in  the  process,  and  which  eon* 
tain  varying  amounts  of  spent  chemicals  and  wood  substances  not  reclaimed 
in  the  steps  previously  described.  Such  an  effluent  is  either  discharged 
directly  from  the  mill,  or  is  lagooned  for  controlled  release,  or  is  given 
suitable  treatment  prior  to  entering  a  stream  or  other  waters. 

2he  major  effect  of  the  effluent  on  the  receiving  waters  is  remoml 
of  dissolved  oxygen*  If  the  oxygen  is  depXat4d  sufficiently  fish  will 
suffocate,  or  migrate  and  other  objectionable  conditions  will  occur.  It 
is  necessary,  therefore,  to  keep  oxygen  requirements  of  the  wastes  as 
discharged  to  a  strsam  at  a  sufficiently  low  value  to  prevent  serious 
oxygen  depletion* 


The  oxygen  demand  of  a  waste  may  b©  expressed  in  pounds  required 
per  unit,  of  product,  suoh  as  pounds  of  I3*0*D*  por  ton  of  kraft  pulp*  This 
may  be  compared  with  tho  oxygen  requirement  of  domestic  sewage  by  dividing 
the  pounds  of  B*0.D*  of  the  wastes  per  ton  by  the  amount  of  oxygen  required 
per  person  to  oxidize  sewage,,  giving  the  'population  equivalent"  of  the 
wastes.  The  population  equivalent  on  the  basis  for  each  ton  of  kraft  pulp 
produced  \7ould  range  from  250  to  400,  the  latter  figure  being  used  in  tho 
studies  to  be  described*.  Since  a  modern  mill  should  be  able  to  keep  the 
population  equivalent  below  300,  a  factor  of  safety  has  been  introduced  to 
take  care  of  any  unusual  operating  condition* 

OUior  considerations  involve  reduotion  of  constituents  responsible 
for  imparting  color,  taste  and  odor  to  waters  used  for  publio  water  supply. 
It  is  essential  to  keep  certain  substances  suoh  as  moroaptans,  resin  acids , 
and  sulfides  in  the  condensates,  turpentine  decanter  and  floor  washings 
below  tho  amounts  that  are  toxic  to  fish  and  aquatir*  life  needed  as  fish 
food*  A  modern  development  to  reduce  toxic  materials  has  been  to  use 
stripping  towers  for  tho  condensates e   utilising  stack  gases  from  bhe  powei- 
plant* 

The  principal  waste  from  the  pulping  process  is  the -overfaow- from  the  decker 
seal  pit„  which  contains  those  chemicals  and  wood  constituents  that  were 
not  removed  in  the  pulp  washing.  It  varies  in  strength  from  200  to  §00  ppm 
of  B*0»B*  The  greatest  step  in  improving  this  parb  of  the  process  has  been 
the  development  of  counter  current  v  ouum  washing  systems  that  have  practi- 
cally removed  such  washings  from  the  mill  effluent*  Chemical  recovery  was 
increased  and.  the  3*Q*D*  of  the  effluent  "gas  reduced  at  least  50$  as 
compared  with  the  earlier  method  of  dif fuser  washing*  Counter  current 
vacuum  washing  systems  are  being  installed  in  new  kraft  mills* 

The  ether  discharges  from  the  pulping  operations  include  log  wash 
water a  digoster  relief  and  blow  down  condensates ,  turpentine  decanter 
wator  and  floor  washings*  These  are  generally  lower  in  volume  and  strength 
(B*0*D*)  as  compared  with  the  overflow  from  the  decker  3eal  pit* 

The  chief  waste  from  the  chemical  recovery  system  is  the  condensate 
from  tho  evaporators*  Use  of  barometric  condensers  produces  an  efflu- 
ent low  in  oxygon  demand  but  high  in  volume,  while  use  of  a  surface 
condenser  gives  a  low  volume  of  waste  wator  relatively  high  in  BoG«.D* 
Employment  of  long  tube  evaporators,  utilising  up  to  seven  effects,  reduces 
the  entrainment  loss,  or  carry-over,  responsible  for  high  losses  previous- 
ly experienced  in  this  operation*  The  development  of  better  foam  con- 
trol and  trapping  devioos  lias  helped  materially  to  minimise  black  liquor 
carry-over  into  the  condensate© 
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Usually  facilities  are  now  pro-Tided  along  with  tho  black  liquor 
evaporators  -bo  remove  the  'sulphate  s©ap»  and  tall  oil,  with  the  liquor 
from  tho  soap  skinnier  being  conveyed  on  to  the  last  stage  of  the  multiple- 
affect  ovaporators*  The  soap  may  bo  sold  to  refiners.*  There  is  a  market 
for  tall  oil.  If  not  reole.imedft  the  skimmings  need  to  be  sent  to  tho  eas« 
cade  ovtiporator  and  recovery  furnace  for  concentration  and  burning  to 
minimise  components  in  tho  mill  effluent  that  in  sufficient  concentrations 
may  be  toxic  to  fish  and  aruatio  life* 

Djae  sludge  is  de»atered  and  calcined  for  reuse,,  or  may  be  lagooned 
and  utilised  as  agricultural  lime.  3he  remaining  waste  waters  from  the 
ohemical  recovery  section  of  a  mill  are  small  in  volume  and  low  in  strength 
as  regards  pollution* 

0TEE.2  FULPMTi  PE0GESS3S  AI©  EFFLOEHBB 

It  will  be  understood  from  the  foregoing  discussion  that  the  w&ste 
effluents  from  pulp  mill  operation  carry  materials  which  vary  with  the 
process  used  and  with  the  efficiency  of  individual  plant  operation*  In 
tho  othor  principal  chemical  pulping  processes*  sulfite  and  soda,,  more 
than  half  of  the  wood  usod  is  dissolved  in  the  cooking  liquor  leaving  a 
residue  of  cellulose  fibere  as  pulp.  The  spent  liquors  contain  lignina 
hemioellulose*  and  sugars  in  solution  and  a  small  amount  of  fiber  in  suspend 
sions  which  is  lost  in  the  washing  and  dswatering  operations* 

Sulfite  waste  liquor  (calcium  base  process)  is  usually  discharged 
into  adjacent  waterways  witliout  further  treataent*  After  extensive  in- 
vestigations on  a  piloWplant  scale  hy  three  different  companies 9   the 
first  eeameroial  installation  of  a  new  recovery  process  for  the  chemicals 
and  organic  aatter  normally  discharged  as  waste  was  made  at  Longvien?* 
Tfaahington* 

In  this  modified  sulfite  proooss  magnesium  oxide  is  used  in  piece 
of  the  lime  which  oustcmarily  has  been  employed  as  the  base  for  the 
cooking  liquor*  The  process  is  generally  referred  to  as  the  magnesium 
base  sulfite  process.  Because  of  the  necessity  to  recover  in  excess  of 
95  percent  of  the  magnesium  oxide  for  economical  operation,  the  waste 
liquor  is  removed  as  completely  as  possible  from  the  pulp  "by  counter- 
current  vacuum  washers*  Tho  washings  as  we.il  as  the  waste  liquor 
drained  from  the  pulp  are  evaporated  to  about  60  percent  total  solids 
and  burned  in  a  waste  liquor  reocrory  boiler. 

In  addition  to  the  recovery  of  the  mgneaium  oxide*  most  of  the 
sulphur  and  tho  fuel  value  of  the  organic  solids*  ore  recovered*  The 


waste  heat  boiler  supplies  the  steam  required  for  cooking*  evaporation 
of  the  liquor,  and  other  requirements  of  the  pulp  mill  in  addition  to 
supplying  as  a  byproduct  much  of  Hie   electric  power  needed  in  t  he  plant, 

Ai";  attractive  feature  of  this  proosss  particularly  in  locations 
■where  fuel  is  scarce  and  its  ocst  high,  is  the  utilization  of  the  fuel  value 
of  these  ivuste  liquors  to  supply  the  normal  steam  and  power  requirements 
of  the  pulp  mill*  Tliis  new  process  now  fairly  well  proven  on  a  commercial 
scale  reduces  the  necessity  for  other  means  of  disposal  of  the  liquor. 
Yfith  good  operation  of  such  a  pulp  mill*  studies  indicate  there  would  be 
much  less  effect  on  the  waters  into  which  any  effluent  of  the  mill  samld 
be  discharged  than  with  the  calcium  base  sulfite  process. 

The  same  advantage  from  the  point  of  view  of  water  pollution  re* 
duetion  over  the  usual  sulfite  pulping  method  applies  to  the  ammonia  base 
process*  The  plan  of  operation  is  essentially  as  described  above  except 
the  ansaonia  is  lost  up  the  stack  la  present  mills  in  burning  the  organic 
material  removed  from  the  pulpwoode 

The  so-called  semi-chemical  procsss  for  pulping  wood  is  particularly 
suitable  for  use  of  hardwoods*  From  the  waste  utilization  point  of  view 
it  is  desirablo  when  this  process  is  utilised  to  operate  it  along  with  a 
kraft  pulp  mill* 

Since  the  groundwood  pulping  process  employs  only  a  mechanical 
grinding  of  wood*  the  effluent  from  this  process  carries  in  solution  only 
a  very  email  amount  of  water-soluble  material  extracted  from  the  wood* 
Also  carried  in  suspension  is  a  small  amount  of  fine  usaod  fibers  which 
pass  through  the  wire  screens  used  in  dewatering  the  pulp* 

Pulp  bleaching  as  a  step  toward  production  of  high  grade  pulp  and 
paper  products  is  simply  indicated  on  the  flow  diagram,  Figure  7*  with- 
out going  intc  »U=)  various  steps  employed  in  a  modern  bleaohing  system. 
In  the  study  of  mill  sites  in  Montana,  tho  basis  of  comparison  in 
determining  the  relative  suitability  of  proposed  locations  as  regards 
effluent  disposal*  no  attempt  has  been  made  to  go  into  a  detailed  account 
of  effects  of  converting  the  pulp  into  paper  products. 

To  provide  some  understanding  of  the  procedures  employed  and  waste 
ingredients*  the  following  brief  outline  of  paper  manufacture  is  presented t 
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PAPEB  PEODTJCTIOIJ  EFFLUEHTS 

In  idie  paper-making  process*  the  sheet  is  formed  by  filtering  the 
fibers  from  a  water  suspension  on  a  fine-mesh  wire  screen*  In  the  forma- 
tion of  the  paper  sheet*  the  water  passing  through  the  screen  (white  water) 
carries  a  considerable  quantity  of  fiber •  In  order  to  avoid  large  losses 
of  fiber,  this  white  water  is  recirculated  through  the  system*  In  other 
words*  instead  of  adding  fresh  water  for  washing  and  dilution  of  pulp 
stock*  the  white  water  is  added  for  this  purpose*  Bcrwever*  it  usually 
results  that  there  is  a  surplus  of  white  water  over  that  needed  for  make-up 
and  the  unused  portion*  after  passing  through  filters  or  settling  tanks* 
is  discharged  into  the  mill  effluent*  In  addition  to  the  cellulose  fibers* 
white  water  effluent  from  paper  mills  may  contain  some  clay  or  other 
mineral  fillers*  alum*  rosen-sise*  and  dye  used  in  the  manufacture  of 
various  kinds  of  paper*  The  quantities  of  suspended  solids  in  the  effluent 
from  both  pulp  and  paper  mills  may  vary  considerably  among  individual  mills* 
This  is  a  result  of  the  different  products  being  manufactured*  the  process 
used,  type  of  equipment  available,  and  method  of  operation. 

The  so-called  •white  water9  wastes*  applied  to  the  fiber  and  other 
paper  making  materials  in  suspension,  are  kept  at  a  minimum  by  re- 
circulation* Save-all  equipment  is  employed  to  remove  the  paper  making 
solids  in  the  white  water  before  discharge  from  mills.  There  is  usually 
some  type  of  filtering  or  clarifying  device  designed  to  return  the  re- 
claimed material  to  the  pulp  and  paper-making  process.  Utilising  more 
recent  equipment,  the  losses  of  fiber  oan  reasonably  be  kept  below  a  half 
pound  per  thousand  gallons  of  effluent • 

SgMH&gr  OH  WASTES 

The  present  proceduro  in  pulp  and  paper  mills  is  to  reduce  wastes 
at  their  source*  reclaiming  as  much  of  processing  chemicals  and  wastes 
as  practical,  returning  these  materials  to  the  system  for  pulp  and  paper 
manufacture*  An  increasing  number  of  by-products  have  been  developed 
from  wastes «  deduction  in  mill  losses  have  brought  about  "vory  substantial 
d«or eases  in  pollution  oaused  by  effluents* 

Rooycling  of  process  waters  has  done  much  to  reduce  volumes  of 
effluents*  As  indicated,  the  usual  volumes  per  ton  of  kraft  pulp  in  mod- 
ern mill  praotice  range  from  20*000  to  40*000  gallons*  The  strengths 
of  the  wastes  should  definitely  be  kept  under  a  population  equivalent  of 
400  per  ton*   With  careful  operation  the  strengths  3hould  be  substantially 
less  than  this  number* 
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There  is  a  trend  toward  monitoring  of  effluents,  using  automatic 
oontrol  equipment  to  reveal  increases  in  strengths  of  wastes  due  to  leaks, 
spills  and  other  unusual  or  emergency  conditions  arising  in  mill  operation* 
Diversion  of  wastes  at  those  time3  to  lagoons,  or1  other  suitable  means, 
have  been  utilized  to  avoid  "slugs"  of  pollution*  It  is  vory  important  to 
make  provision  for  avoiding  suoh  difficulties  in  the  design  and  construction 
of  now  mills* 

Summarizing  briefly  kraft  mill  wasto  disposal  procedures,  con- 
sideration should  be  given  to  the  following  items; 

I*  Vry  bark  and  waste  %Tood  —>  should  be  utilised  or  burned,  ashes 
to  be  kept  out  of  streams. 

2.  Screen  rejects  —  reclaimed  or  burned. 

3*  Grit  and  dregs  from  lime  slakcr  —  disposed  of  on  dump,  or 
utilized  for  fill,  surfaoing  material,  etc* 

4»  Tall  oil  and  soap  —  to  be  removed  and  either  marketed  or  in- 
cinerated* 

5«  Fly  ash  «•  to  be  .disposed  of  other  than  discharged  to  stream. 

6«  Fibers  in  white  wator  —  to  be  kept  at  mi  niwron  by  effioioat 
saveall  system. 

70  Chemicals  dissolved  in  effluent  —•  loss  to  be  kept  at  minimum 
with  modern  reclaiming  equipment,  including  oountcrcurrent 
vacuum  filter  washing  of  pulp*  Consider  waste  monitoring  and 
oontrol  equipment  and  lagooning  for  wastes. 

8.  Lims  sludge  «—»  recovery  and  reuse,  or  disposal  for  agricultural 
lime. 

9o  Sanitary  sewage  —  treated  and  disposed  of  in  a  sanitary  manner. 

10©  Eefuse  *—  incinerated  or  disposed  of  in  such  manner  as  to  be 
kept  out  of  streams* 

Such  considerations  have  entered  into  the  estimates  of  effects 
of  mill  wastes  on  streams  at  sites  previously  described.  Other  factors 
involved  are  disoussed  in  the  following  sections  1 
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FACTOBS  IH  H3B  STUDY 

Generally  the  most  important  effeot  of  pulp  and  paper  mill  effluents 
on  aquatic  life  is  considered  to  be  the  removal  of  oxygen  from  the  water 
into  which  the  effluent  is  discharged*  If  the  volume  of  water  receiving 
the  effluent  is  not  large  enough,  or  its  oxygen  content  is  low  the  oxygen 
depletion  nay  result  in  reduction  of  the  dissolved  oxygon  to  a  level  be- 
low that  necessary  to  sustain  fish  life*  2he  dissolved  oxygen  tends  to 
be  gradually  restored  by  neftural  aeration*  A  dissolved  oxygen  content 
of  at  least  five  parts  per  million  is  considered  necessary  for  trout  and 
salmon*  Stream  flow  therefore  becomes  an  important  consideration* 

Stream  %ta» 

This  study  did  not  include  a  detailed  field  SMrvoy  of  the  streams 
for  the  collection  of  speoific  analytical  data  indicating  the  present  cani- 
tary,  biological*  physical,  and  chemical  condition  of  the  waters*  Data 
utilized  in  this  study  were  limited  to  those  ^hioh  were  available  from 
existing  records  of  various  governmental  and  private  agencies* 

Stream  taaaperature  data  were  obtained  from  the  Livingston  aad  Billings 
municipal  viator  plants  on  the  Yellowstone  River  and  from  the  Montana  Power 
Company  for  a  location  near  Great  Falls  on  the  Missouri  Bivor.,  Stream  flew 
data  were  obtained  from  the  records  of  the  U*S*G*S*  gaging  station  which 
most  accurately  reflected  the  stream  flow  at  each  particular  site*  Infor- 
mation on  the  relative  importance  of  fishery  resources  and  extent  of 
recreational  uses  of  the  various  sectors  of  the  streams  was  obtained  from 
discussion  with  persons  familiar  with  them* 

Data  on  the  types  and  quantity  of  wastes  presently  being  discharged 
to  the  streams  wore  obtained  from  reports  on  the  Yellowstone  (1)  and  Upper 
Llissouri  River  Drainage  Basins*  It  was  necessary  to  estlmt®  the  present 
dissolved  oxygen  concentration  and  biochemical  oxygen  demand  of  the  stream 
waters  from  know ledge  of  the  characteristics  of  the  streams ,  pollution 
known  to  be  entering,  «\"«*  related  information  obtained  from  the  Montana 
State  Board  of  Health* 

Ufater  Quality  Objectives  t 

The  effect  of  kraft  pulp  mill  wastes  on  existing  and  possible  future 
installations  of  drinking  water  supplies  is  the  introduction  of  color, 
taste  and  odors*  Hie  probable  extent  of  such  effects  was  considered  for 
eaoh  site*  The  effect  on  industrial  mter  supplies  would  generally  not 
be  appreciable  although  the  wastes  oay  make  some  section  of  the  rivers 
less  suitable  for  a  few  industries  with  special  process  water  quality  re- 
quirements* ;£?&ilable  information  indicates  there  are  no  such  industries 
presently  taking  water  from  these  sections  of  the  streams o 


Kraft  pulp  mill  wastes  nay  add  some  color,  odors  and  possibly 
cause  same  foaming  in  the  stream  below  the  mill  waste  outlets.  Under 
certain  conditions  some  wood  fiber  may  be  deposited  on  the  bottom  of 
quiescent  areas  of  the  stream,  some  of  whioh  may  later  rise  to  the  sur- 
face., Efce  high  fiber  recovery  efficiency  attainable  in  modern  mills 
will  minimize  this  possibility.  2he  probable  extent  of  suoh  effects  on 
the  esthetic  quality  of  the  waters  at  each  site  is  described* 

Based  on  information  obtained,  it  is  assumed  that  all  sectors  of 
the  streams  under  consideration  except  below  Billings  are  suitable 
habitat  for,  and  oontain  substantial  cold  water  fish  populations*  B@*» 
low  Billings  the  stream  is  naturally  suitable  for  other  kinds  of  gams 
fish*  liSaintenanee  of  over«all  stream  conditions  suitable  for  s  uoh  fish 
populations  is  considered  an.  essential  requirement  to  be  met  at  any  pulp 
mill  site  selected*  Iho  dissolved  oxygen  (D.O.)  criterion  used  in  this 
analysis  is  that  a  mln-Jraim  of  5  ppm  of  D.Q*  bo  maintained  in  -'die  stream 
at  the  coot  critical  conditions  expected  to  occur  onoe  in  ten  years* 

Certain  constituents  in  kraft  pulp  mill  wastes  are  toxic  to  fish,  and 
other  aqiaatio  organisms  when  present  In  sufficient  concentrate ^n  in  the 
stream.  Dimiok  and  associates  (5)  ha"?e  demonstrated  that  the  ffluoats 
from  three  different  kraft  mills  when  diluted  1$2Q  did  not  kill  silver  sal- 
mon under  laboratory  conditions* 

The  data  obtained  in  a  biological  study  (3)  of  one  Pacific  northwest 
stream  consisting  of  investigations  before  and  after  the  beginning- -of 
operation  of  a  kraft  pulp  mill  give  some  indication  of  the  toxic  effects 
of  kraft  pulp  mill  wastes  on  the  suitability  of  a  stream  for  salmon  and 
steelhe&d  trout*  £he  pulp  mill  wastss  were  discharged  in  such  a  manner 
that  apparently  the  wastes  were  distributed  in  only  one-half  of  the  width 
of  the  stream  in  the  a  eotor  studied*  Assuming  that  this  half  was  sf f  active- 
ly utilised  for  uniform  disposal  of  wastes  in  the  water,  the  dilutions  in 
this  situation  would  be  in  the  ratio  of  1  to  50.  The  affected  area  of  the 
stream  was  unsatisfactory  for  most  desirable  fish  food  organisms  and  unfit 
as  a  spawning  area  for  fish.  It  extended  a  distance  of  2*2  miles  below  -the 
mill  outlets  where  the  stream  joined  a  larger  river  and  observable  biological 
effects  disappeared* 

Pram  the  above  information  and  additional  fish  toxicity  data  reported 
by  Van  Horn,  Anderson,  and  Kats  (4),  and  C01q  (5),  the  following  basis  was 
selected  for  evaluating  such  iioxio  effects  pulp  mill  wa&tes  might  have  fin 
aquatic  life  at  sito3  considered* 

Pish  will  not  be  killed  in  dilxitions  of  mill  wastes  tt  stream  flow  of 
1  to  50  where  conditions  are  otherwise  suitable  for  fish.  Av  dilution  of 
1  to  75  or  above,  there  will  be  negligible,  if  any,  detx'imentaL  toxio  effects 
on  fish  food  organisms,  spawning  areas,  or  other  factors  of  the  stream 
environmont  that  may  indirectly  reduce  existing  fiaa  populations. 


Inasmuch  as  irrigation  Is  a  major  use  of  the  waters  of  both  the 
Missouri  and  the  Yellowstone  Rivers,  tho  effeot  of  the  pulp  mill  wastes 
on  the  suitability  of  the  waters  for  this  purpose  la  aa  important  consider- 
ation. There  appears  to  be  relatively  little  specific  information  on  the 
effects  of  pulp  mill  wastes  on  irrigated  crops  or  on  the  soil.  There  are 
no  known  instances  of  detrimental  effects  of  kraft  pulp  mill  wastes  on 
irrigated  crops.  With  dilution  of  pulp  mill  waste  by  flow  in  the  ratio  of 
1  to  50,  the  total  increase  of  -tiio  sodium  cation  in  the  stream  will  be  leas 
than  2  ppca*  Oho  total  increase  in  sulfides  will  be  less  than  0«2  ppsn» 
The  above  concentrations  are  considerably  below  those  found  in  •satora 
considered  excellent  for  irrigation  (4).  The  concentration  of  other  cations, 
anions,  and  organic  materials  resulting  in  the  stream  from  the  pulp  mill 
wastes  should  not  have  a  significant  effeot  on  the  suitability  of  the  water 
for  irrigation*  Jnaemuoh  as  at  normal  flows  the  dilution  ratio  will  be 
greater  than  1  to  50 9   it  is  Improbable  that  the  pulp  mill  wastes  will  have 
any  detrimental  effeot  on  irrigated  crops. 

Methods  of  Analysis: 

It  was.  assumed  that  a  hypothetical  kraft  pulp  mill  of  200  tons  per 
day  capacity  would  be  located  at  one  of  the  following  sites  s  Livingston 
or  Billings  on  the  Yollowstone  River,  and  Three  Porks ff  Winston*  or  Great 
Palls  on  the  Missouri  River.  As  previously  indicated,  a  population 
equivalent  of  400  per  ton  of  pulp  produced  was  used  in  these  estimates. 
This  is  based  on  the  results  of  numerous  determinations  of  the  biochemical 
oxygen  depand  (B.O.D.)  of  wastes  discharged  in  studies  isade  of  a  con- 
siderable number  of  kraft  pulp  mills,  obtained  from  records  of  the  liSlscenain. 
Ccsmittee  on  Water  Pollution,  and  other  sources.  This  represents  operating 
data  of  plants  constructed  prior  to  World  lifer  II©  Recent  studies  shcra?  a 
modern  mill  can  be  operated  with  signif ieantly  less  waste  discharge*  so 
the  use  of  the  above  value  introduces  a  factor  of  safety  into  the  calcu- 
lation. A  waste  flow  of  40,000  gallons  per  ton  of  pulp  is  used  in  this  stui^To 

The  minimum  stream  flews  which  would  be  expected  to  occur  within 
various  periods  of  time  were  estimated  by  the  probability  method  developed 
by  Gumbol  (?)  as  adapted  by  the  Environmental  Bealth  Center,  Public  Health 
Service  for  predicting  low  flow  frequency.  The  estimated  10  year  mi.TiilnnHa 
summer  and  winter  flows  for  each  site  are  shown  in  Table  1.  These  were 
selected  as  the  critical  flows  on  whioh  other  estimates  are  based. 

The  mini  rum  or  critical  values  of  dissolved  oxygen  below  the  pro- 
posed sites  were  calculated  using  the  oxygen  sag  ourve  f ormula  developed 
by  Streeter  and  Phelps  aa  modified  by  Fair  (8).  The  value  of  the  self 


purification  constant;  seleoted  for  each  site  was  on  the  conservative 
side  of  the  ranges  suggested  by  Fair  for  streams  of  similar  flow 
characteristics*  Beduced  values  wore  used  for  winter  conditions  to 
compensate  for  possible  effoots  of  ice  ©overage*  the  B.O*D,  loading 
of  the  stream  at  eaoh  site  used  in  the  computations  included  the 
following a 

1*  An  assumed  B*0*D*  of  the  stream  above  the  site  of  1*5 
ppm  ult.  <&  20°  C«  (approximately  1.0  ppm  S  day  B.0*D*). 

2«  The  B*0*D.  of  the  known  munioipal  and  industrial  wastes 
presently  being  discharged  at  eaoh  site* 

3«  The  B»0»D»  of  the  wastes  discharged  by  the  pulp  mill. 

4*  The  increase  in  B#0*D.  of  the  municipal  wastes  resulting 
from  an  estimated  gain  in  population  of  2,400  persons  due 
to  construction  of  the  mill* 

The  B«0«D»  loading  of  -the  stream  at  each  of  the  sites  is  chasm  in 
Table  3> 

Saturated  conditions  of  dissolved  oaygen  in  the  stream  above  eaoh 
site  was  assumed  in  keeping  with  information  furnished*  The  dissolved 
02$rgen  values  are  also  shown  in  Table  2* 

Stream  Flow  Studies t 

The  Yellowstone  River  in  the  vioinity  of  Livingston  is  a  very  fast 
flowing  stream  with  many  rapids  and  very  turbulent  flow*  It  is  a 
relatively  cold  stream*  Its  maximum  temperature  in  1951  was  62°  F* 
during  parts  of  July  and  August.  The  flow  is  markedly  less  during  the 
winter  periodo  The  minimum  daily  flow  of  eaoh  year  of  record  has 
occurred  during  the  months  of  December  to  l&reh,  inclusive.  Minlmm 
daily  sumaer  flows  occur  in  August  and  September ,  and  average  about 
2-1/2  times  minimum  winter  flows*  Based  on  a  15  year  period  of  record 
the  estimated  10  year  minimum  daily  flow  in  the  winter  is  585  second 
feet  as  compared  to  1,460  second  feet  during  the  warm  weather  periods* 

In  the  vioinity  of  Billings  and  below,  the  flow  is  slower  and  much 
less  turbulent  than  at  Livingston,  but  is  still  fairly  fast*  Uaximum 
yearly  temperatures  of  tho  stream  recorded  by  the  Billings  Viator  Plant 
for  the  years  1946  to  1950  ranged  from  68°F*  in  1950  to  72°  F.  in  1946« 
Afl  at  Livingston,  minimum  daily  f lows  occur  during  the  cold  weather 
months  of  December  to  Daroh,  inclusive,  and  minimum  summer  flows  occur 
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during  August  and  September.  Minimum  doily  winter  flows  are  significantly 
higher  tiian  at  Livingston.  She  estimated  10  year  minimum  daily  winter 
flow  based  on  a  16  year  period  of  record  is  960  second  feet*  and  for  the 
summer  period  is  1,550  seoond  foot* 

The  Missouri  River*  below  Three  Forks ,  is  a  medium  fast  flowing 
stream  with  some  sections  of  turbulent  flow  and  has  good  reaeration 
characteristics •  However,  much  of  the  B.0.D,  of  the  mill  effluent  dis- 
charged at  Three  Forks  will  be  exerted  after  it  enters  the  Canyon  Ferry 
Reservoir  where  reaeration  will  proceed  at  a  lower  rate.   Temperatures 
of  the  stream  at  this  locality  will  probably  be  modified  somewhat  when 
the  reservoir  is  completed.  It  is  probable  that  the  Tra-arimm  temperature 
of  the  stream  will  be  somewhat  less  than  the  75°  F.  recorded  at  Great 
Falls  and  assumed  for  this  location*  Estimates  of  stream  flow  at  Three 
Forks  are  based  on  the  data  of  the  U.S.G.S.  stream  gaging  station  at 
Toaton,  located  about  25  miles  below  Three  Forks.  The  minimum  daily 
flow  for  each  year  generally  occurs  during  cold  weather  month  a  e   but 
there  is  less  difference  between  nininum  sunsaer  and  winter  flows  on  this 
section  of  the  L&esouri  than  is  true  of  Upper  Yellowstone  flows.  Minimum 
daily  winter  flows  of  each  year  of  record,  have  occurred  in  December, 
January ,  or  March.  Minimum  summer  flows  occurred  in  July,  August,  and 
September*  The  estimated  10  years  minimum  daily  winter  flow  based  on  a 
13  year  period  of  record  is  1,250  seoond  feet,  and  minimum  summer  flow 
is  1,400  seoond  feet. 

With  the  completion  of  the  Canyon  Ferry  Heservoir,  its  backwaters 
will  extend  to  the  vioinity  of  Winston.  Estimates  of  minimum  daily 
stream  f  loW3  entering  the  reservoir  are  based  on  Toston  gaging  station 
records,  and  are  similar  to  those  reported  for  the  Three  Forks  stream 
flow. 

There  are  several  »fiun  of  the  River'  power  plants  on  the  Upper 
Missouri  in  the  vioinity  of  Great  Falls  (See  Figures  5  and  6).  There  is 
good  water  movement  through  the  reservoirs,  as  they  have  relatively 
limited  storage  capacity.  Estimates  of  stream  flow  at  Great  Falls  are 
based  on  records  of  the  U.S.G.S.  gaging  station  at  Fort  Benton  located 
42  stream  miles  below  Great  Falls.  The  miniTnam  daily  flow  in  recent 
years  has  occurred  during  winter  months,  but  in  a  few  years  stsnaner 
flows  have  been  -die  lowest.  Minimum  daily  flows  during  the  cold  weather 
period  havo  ooourred  in  the  months  of  Hovember,  December,  January 
and  February.  Minimum  daily  summer  flows  have  occurred  during  the 
months  of  July,  August  and  September.  Although  mean  annual  flows 
of  the  Missouri  in  the  vioinity  of  Great  Falls  are  higher  than  mean  annual 


f  losra  below  Three  Porks*  the  estimated  10  year  nrinJTrnm  d  aily  flows  are 
equivalent*     Based  on  a  SO  year  period  of  record,  the  estimated  10  year 
minimim  daily  winter  flew  at  Great  Falls  i3  1,250  second  feet,  and 
1,400  second  feet  for  the  summer  period*     Hontam  Power  Company  temper- 
ature records  of  the  stream  near  Great  Falls  for  the  sis  year  period 
of  August,  1946  to  July,  1951  show  a  maximum  temperature  of  ?S"F® 


SUITABILITY  OF  SITES 
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Livingstons 

The  turhulont  flow,  high  summer  flow,  and  relatively  low  temperature 
characteristics  of  the  Yellowstone  near  Livingston  give  it  a  greater  capac- 
ity to  assimilate  oxygen  consuming  wastes  and  maintain  adequate  dissolved 
oxygen  concentration  than  any  of  the  other  proposed  sites.  With  i&o  dis- 
charge of  the  Tfastes  from  a  200  ton  kraft  pulp  mill,  the  calculated  D*0, 
concentrations  at  the  10  year  minimum  summer  flow  is  7*9  ppm»  At  10 
year  minimum  winter  flows  it  is  10*9  ppxa* 

At  minimum  stream  flows  the  concentration  in  the  stream  of  any 
components  of  the  mill  wastes  toxic  to  fish  would  he  greater  at  Livingston 
than  at  any  of  the  other  sites  studied*  The  estimated  10  year  minimum 
winter  flow  of  585  second  feet  is  less  than  one-half  the  minimum  flows 
at  Three  Forks,  Winston,  or  Great  Falls  on  the  upper  Missouri  and 
significantly  less  than  at  Billings.  The  dilution  ratio  of  mill  wastes  to 
a  stream  flew  of  535  second  feet  is  1  to  47o4#  Dilution  ratios  of  less 
than  1  to  75  are  expected  to  recur  at  an  average  of  once  every  1*8  years « 
At  these  low  dilutions  it  is  expected  that  the  toxic  effects  of  the  wastes 
will  reduce  the  quantity  of  desirable  fish  food  organisms  present  and  render 
some  exi.3ti3%  fish  spawning  areas  unusable  in  a  limited  sector  of  the  stream 
below  mill  waste  outlets*  This  would  tend  to  reduce  the  total  fish  popu*» 
lation  in  the  vicinity*  Noticeable  odor,  color,  and  foam  in  the  stream 
from  the  mill  wastes  should  be  limited  to  a  very  short  sector  of  the  stream 
below  the  mill. 

The  nearest  public  water  works  presently  obtaining  water  from  the 
Yellowstone  is  located  at  Columbus*  which  is  about  120  stream  miles  below 
Livingston^  It  is  Improbable  that  a  pulp  mill  at  Livingston  would  result 
in  any  material  amounts  of  taste  and  odor  producing  substances  in  the 
Yellowstone  River  at  Columbus*  There  will  be  little,  if  any,  additional 
load  on  the  present  treatment  prooesses,  and  the  quality  of  the  treated 
water  should  not  be  affected*  It  ia  expected  that  any  drinking  water 
supplies  taken  in  the  future  from  the  stream  up  to  50  miles  below  a  mill 
at  Livingston  might  experience  taste  and  odor  problems  because  of  the 
mill  wastes,  particularly  during  winter  periods* 


The  pulp  mill  is  not  expected  to  have  any  material  effect  on  the 
suitability  of  the  Yellowstone  tfiver  \«ater  for  irrigation  purposes* 

Analysis  of  the  available  information  and  data  indicates  that  the 
only  serious  pullutional  problem  to  be  resolved  in  utilising  this  site 
for  a  200  ton  kraft  asill  relates  to  toxicity  of  the  uastos  to  aquatic 
life  and  their  probable  effects  on  the  fish  populations  in  the  vicinity 
of  the  mill.   This  does  not  necessarily  preclude  the  possibility  of  es- 
tablishing a  mill  at  this  site,  but  does  indicate  that  one  at  this  location 
will  need  to  reduce  the  toxicity  of  its  waste  below  that  necessary  at  the 
other  proposed  sites  to  adequately  protect  the  aquatic  life  in  the  stream* 

BiHingat_ 

The  population  equivalent  of  organic  industrial  and  Etunioipal  wastes 
presently  being  discharged  to  the  Yellowstone  Kiver  at  Billiags  for  which 
an  estimate  is  available  is  4203000  (5)»  In  addition.,  there  are  several 
industries  discharging  significant  amounts  of  organic  wastes  for  which 
a  quantity  estimate  is  not  available*  There  are  also  seme,  inorganic 
industrial  wastes  being  discharged  to  the  Missouri*  Pour  hundred  thousand 
of  the  estimated  420,000  population  equivalent  is  from  the  Great  Postern 
Sugar  Company  beet  sugar  refinery*  The  operation  and  waste  discharge  from 
such  refineries  generally  occur  during  the  months  of  October,  No-eember  and 
December*  Minimum  daily  winter  flows  in  some  years  will  occur  when  wastes 
are  being  discharged  by  the  sugar  refinery*.  Critical  summer  stream  temper- 
ature and  flow  conditions  will  not  normally  coincide  with  waste  discharge 
from  the  refinery,  but  in  somo  years  the  critical  dissolved  oxygen  con- 
ditions may  occur  during  the  early  part  of  the  refinery  season  -when  stream 
temperatures  are  still  fairly  high*  It  was  assumed  in  the  computations  of 
critical  D*0*  conditions  that  the  sugar  rotary  waste  discharge  would 
coincide  with  critical  summer  as  well  as  winter  conditions*  Tho  error 
introduced  by  this  assumption  tends  to  compensate  for  the  appreciable  but 
unknown  quantity  of  organic  motes  being  discharged  to  the  stream  wliich  was 
not  included  in  the  calculations*  The  calculated  D.O*  concentration  of  the 
stream  at  10  year  minimum  winter  f  low3  shewn  on  Table  Qs   is  9*0  ppm  and  4*3 
ppm  for  sumssr  flows*  It  is  to  be  noted  that  4«3  ppm  of  dissolved  oxygen 
is  less  than  the  concentration  of  5  ppm  stated  before  to  be  the  minimum 
for  a  suitable  habitat  for  fish© 

The  estimated  iO  year  minimum  winter  flow  of  960  second  feet  shown 
in  Table  3  is  significantly  greater  t&an  the  10  year  minimum  flows  at 
Iivingstonff  but  is  lower  than  the  minimum  flows  at  any  of  the  other  sites 
considered*   The  dilution  ratio  of  mill  wastes  to  stream  flow  at  960 


wA  toot  flow  is  1  to  77.7  which  is  essentially  equal  to  the  dilution 
ratio,,  (1  to  75),  believed  necessary  to  prevent  any  harmful  toxic  ©fi'eets 
of  the  Kill  wastes  on  the  aquatic  life  in  the  stream* 

There  will  probably  not  be  any  noticeable  offsets  from  the  effluent 
froea  a  pulp  mill  at  Billings  on  the  water  supply?  of  Forsyth,  Montana, 
which  is  1113  wiles      ire ua«  Appreciable  taste  and  odor  ef  feota  of  tho 
wastes  on  any  drinking  wato:.*  supplies  taken  from  tho  river  in  the  future 
would  prdbaTify  be  limited  to  about  50  miles  downstream  from  Billlijgs* 

Thove  will  be  some  oonor,  odor,  end  foaming  from  the  mill  wastes  in 
a  short  sector  of  the  stream  below  the  mill  outlets.  This  should  not  be 
of  such  oontert  as  to  be  objectionable.  The  quality  of  the  stream  watsrs 
irrigation  purposes  will  not  be  affected. 

It  appears  from  the  information  available  that  with  tho  quantity  of 
orge^io  mates  now  being  discharged  into  the  river  at  Billings  the 
adii'/'iion  of  a  pulp  mill  effluent  will  lower  the  dissolved  ©aygen  eoiusentra** 
ti  a  below  that  which  is  desirable  for  fish*  A  major  reduction  in  the 

cos  presently  being  discharged  is  essential  before  Billings  can  be  gg3«- 
£j.'.dered  a  suitable  pulp  mill  site* 

Three  Forks t 


The  establishment  of  a  200  ton  kraft  pulp  mill  at  Three  Porks  will 
reduce  tho  dissolved  oaygen  concentration  in  the  stream  to  an  estimated 
2Eii.iia.um  o/.'  5*6  ppa  about  once  in  10  years*  This  minimum  dissolved  oxygen 
eoEoentrs'.tion  will  occur  in  the  Ganycn  Ferry  Reservoir*  Probably  leEs 
thca  onp«half  of  -&ie  axsr&m  deasad  of  the  wastes  will  be  satisfied  before 
reaching  the  reservoir.  For  all  practical  purposes  it  should  be  eoaple» 
taly  stabilised  in  the  reservoir. 

£he  dilution  ratio  of  mill  wastes  to  the  stream  flow  with  the  es~ 
ticatod  10  year  minimum  wintsr  flew,  is  1  to  101-  Afc  this  dilution  there? 
should  not  be  any  appreciable  effect  on  the  aanatlo  life  following  complete© 
mixing  of  the  rastes  in  iiie  river.  Samediately  below  the  mill  waste  outlets^ 
vhere  there  is  appreciably  incomplete  misting  of  the  wastes  with  the  stream 
water*  thore  zscy  be  some  reduction  of  fish  food  organisms  and  impairment 
of  fish  aproning  areas  but  this  sectc.?1  will  be  so  limited  that  it  should 
not  affect  the  desirable  fish  population  of  the  stream  in  the  vicinity. 

Any  ispalnaent  of  the  ouitabillijy  of  the  Missouri  Rivor  as  a  source 
for  drinking  water  supplies  due  to  the  mill  wastes  would  be  limited 


.- icipalfy  to  the  sector  stave  t:     -on  Ferry  Bam*  The  id.ll  testes 

would  nob  ijeJce  it  unsatisfactory  forties  use,  but  it  is  possible  that 

:;!  treat.iioat  for  tas-';     odor  rsmoml  may  be  necessary. 

lore  cup©  no  public  dri     -crater  supplies  obtaining  water 

ion  XT  the  stream. 

Hie  esthetic  Quality  cf  the       .  short  distance  below  the  mill 
;let  nay  t-j  impaired  s<       is  to  eTmo   foaming,  odors,  and 
.or  fram  tho  wastes*  there  is  also  tho  possibility  that  some  wood 
floors  lost  iuring  product  I  or.  might  ay:-/umuiate  on  th©  bottom  in  the  upper 
;  of  tho-  reservoir,.  It  it   improbable  there  will  be  any  appreeiabl© 
cot  oa  tho  quality  of  uater  for  irrigation  purposes* 

It  appears  from  the  analysis  of  the  available  information  and  data 
that  a  200  ton  kraft  oulp  mill  oould  be  established  at  Sire©  Forks  without 
creating  material  pollubicE.  of  the  stream*  Eiere  will  probably  be  little 

act  oa  the  fish  pocnilations  in  the  stream  aid  very  limited  ©ffset  oa 
the  suitability  of  th©  stream  water  for  other  uses. 

Winston » 

It  is  assumed  that  the  proposed  kraft  pulp  mill  will  be  located  so 
as  to  discharge  wastes  into  the  Uppar  Iftssouri  River  above  the  backwater 
of  the  Canyoa  Ferry  Reservoir  where  the  total  flow  of  the  stream  is 
eontinE&Xly  available  for  dilution  of  the  mill  'aastes* 

In  the  computation  of  the  minimum  or  critical  conditions  of  dig- 
solved  asygea  that  ma;/  'sooar  in  the  reservoir,  it  is  assumed  that  the  es- 
toat  of  dilution  of  the  wastes  which  will  take  plao©  within  3  days  of  \sheir 
discharge  is  limited  to  mlsing  with  the  water  flowing  in  the  river »  This 
does  net  take  into  eo-neideraticn  the  f&ot  that  within  this  period  of  time 
there  will  likely  be  mixing  of  tho  -pastes  Bith  some  additional  quantity 
of  water  in  the  reservoir  shioh  will  increase  -'she  D.O.  concentration.,  Shis 
should  tend  to  compensate  for  any  Sentfcal  demand  effeots  of  possible  wood 
fiber  deposits  on  a  limited  bottom  area  in  the  upper  part  of  the  reservoir, 
which  ■ensr©  not  considered  in  the  calculation.  She  estimated  minimum  D.,0* 
vshich  will  oeeur  in  a  limited  part  of  the  reservoir  about  once  in  10  years 
is  5»6  ppm#  Dissolved  osygen  concentrations  throughout  the  major  portion 
of  th©  reservoir  will  bs  considerably  higher.  For  all  practical  purposes 
tho  BftC«D»  of  the  mill  wastes  should  be  satisfied  in  tho  reservoir* 

Tho  dilution  ratio  of  mill  wastes  to  stream  flow  at  th©  estimated 
10  year  minimum  winter  flow  is  1  to  101  ,  which  is  appreciably  greater 
than  the  dilution  oonsiderod  necessary  to  proteot  the  fish  and  other 
aquatic  life  of  the  stream  due  to  any  toaio  effects  of  the  mill  wastes . 
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An  at  %roe  Forks,  there  will  bo  some  reduction  of  desirable  fish  food 
organisms  in  a  limited  area  below  the  mill  waate  outlets „   before  there 
is  complete  mixing  of  the  wastes  with  the  stream  water,  but  this  is 
expected  to  be  so  limited  that  it  should  not  reduce  the  fish  population 
of  the  stream. 

Inasmuch  as  adequate  D*0.  oonoentrations  will  exist  in  all  parts  of 
the  stream  and  reservoir  and  lino  toxic  effoots  or;  fish  food  organisms 
will  be  limited  to  a  relatively  small  part  of  the  stream  and  reservoir, 
tlie  overfall  effect  of  the  mill  effluent  on  the  total  fish  population 
should  not  be  appreciable* 

The  taste  and  odor  producing  compounds  in  the  pulp  mill  wastes 
will  reduce  the  suitability  of  the  Canyon  Ferry  Eeservoir  water  as  a 
source  for  public  drinking  water  supplies  to  the  extent  that  color,  taste 
and  c  dor  removal  treatment  may  be  needed  to  produce  acceptable  water©  It 
is  not  expeoted  that  such  condition  will  exist  below  the  reservoir. 

Color,,  odor j,  and  possibly  some  foaming  caused  by  the  mill  wastes 
may  be  observed  in  the  jjmediato  vicinity  of  the  mill  wast®  outlets. 

Available  information  indicates  that  the  mill  wastes  will  not  affect 
the  suitability  of  the  water  for  irrigation. 

The  pollutional  effects  of  a  pulp  mill  located  at  Ihr®©  Forks  would 
be  stimulative  to  a  considerable  extent  with  those  of  another  mill  located 
at  Winston*.  It  appears  that  there  might  be  deleterious  effects  on  the 
aquatic  life  in  the  Canyon  Fojrry  Beservoir  if  200  ton  capacity  kraffc  pulp 
mills  are  constructed  at  both  sites. 

Analysis  of  the  available  information  and  data  indicates  that  a  200 
ton  kraft  pulp  mill  near  Winston-,  discharging  wastes  into  the  Missouri 
Hiver  above  slack  water,  will  not  result  in  material  depreciation  of  the 
water  quality  for  other  uses. 

Some  consideration  was  given  to  estimating  resultant  effects  on 
the  stream  or  reservoir  from  discharge  of  the  pulp  mill  wastes  into  the 
slack  water«  Although  some  impression  exists  the.t  discharge  of  the 
wastes  into  the  slack  water  may  result  in  appreciable  local  nuisance 
effects,  with  possible  detrimental  effects  on  fiah  population  in  the  reser-° 
voire  it  is  impractical  to  estimate  such  effects  without  having  accurate 
information  of  the  reservoir  currents  at  the  specific  site  to  be  oonsidsre^ 
tfiis  should  be  obtained  through  a  field  study  of  the  flow  characteristics, 
or  currents,  to  be  ms.de  after  completion  of  the  reservoir.  Construction 
of  a  mill  discharging  wastos  into  the  slack  isater  should  not  be  con- 
sidered until  such  a  study  is  made  and  it  indicates  that  dilution  of  the 
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wastes  will  bo  sufficiently  rapid  to  pro-rant  any  objectionable  effects  on 
other  water  use3* 

Orreat  Falls* 

m  m  ■»  in  l  m    m^m»mm 

Iho  establishment  of  a  200  ton  kraft  pulp  mill  at  Great  Falls  will 
reduce  the  dissolved  oa^gen  concentration  of  the  stream  to  an  estimated 
ndnimum  of  5*9  ppan  about  once  in  ten  years*  Ibis  is  baaed  on  the 
eiasiraption  that  future  minimum  daily  flews  at  the  mill  site  will  be 
comparable  to  the  flows  recorded  at  Fort  Benton  during  the  period  from 
1919  to  1948a  Limited  information  obtained  relative  to  the  planned 
regulation  of  releases  from  the  Canyon  Ferry  Heservoir  indicates  -&iat  the 
minimum  floras  in  the  vicinity  of  Great  Falls  will  be  someanat  higher  in 
the  future*  Xhis  would  tend  to  reduce  the  estimated  effeots  of  the 
«od.sting  wastes  and  a  pulp  mill  ef  f  luont  discharged  to  the  stream  at  this 
location* 

Iho  dilution  ratio  of  mill  wastes  to  stream  fleas'  at  the  10  year 
minimum  winter  flow  is  1  to  101.  de  only  expected  toxic  effects  are 
some  reduction  of  desirable  fish  food  organisms  and  suitable  fish 
spawning  areas  in  a  limited  portion  of  the  stream  below  the  mill  waste 
outlets  where  nixing  of  wastes  and  stream  water  is  not  complete*  Biis 
should  have  little,  if  any»  effect  on  tfco  fiah  populations  in  cbho 
Tieinity© 

It  is  unlikely  that  the  mill  wastes  will  appreciably  increase  the 
colcr$  taste,  and  odor  of  the  treated  Fort  Benton  water,  but  there  is  a 
possibility  that  such  effeot  may  be  noticeable  during  occasional  periods 
of  low  winter  flew*  Some  additional  treatment  of  the  wator  may  be 
necessary*  noticeable  color,  odor,  and  foam  in  the  stream  will  be  limited 
to  a  short  distance  below  the  waste  outlets*  It  is  unlikely  that  the 
wastes  will  affect  the  suitability  of  the  water  for  irrigation  purposes* 

Analysis  of  the  available  information  and  data  indicate  that  a  200 
ton  kraft  pulp  mill  at  Great  Falls  will  not  have  appreciable  detrimental 
effeot  on  the  stream  quality  fcr  various  uses  considered*  From  a  stream 
pollution  standpoint  this  site  appears  to  be  one  of  the  more  suitable 
sitee* 
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ZHESMTION 

The  foregoing  findings  are  the  results  of  field  observations  and 
study  which  included  (1)  asstaably  and  analysis  of  hydrologic,  estixsated 
waste  dis 'barge  and  available  water  quality  data*  and  (2)  correlation 
of  oolleo-icd  information  in  terms  of  appropriate  water  quality  objectives 
based  on  imtor  use*  The  stucty  necessitated  the  evaluation  of  future 
dissolved  oxygen  conditions  in  the  Yellowstone  and  Upp«a«  Missouri  Bivere, 
forecast  i.nder  various  drought  probabilities  vdlth  kraft  pulp  mills  of 
200  ton  dti.ily  capacity  locatod  at  the  various  sites  along  these  streamsj 
and  oonsi  teration  of  the  anticipated  effeots  of  the  effluents  on  other 
stream  characteristics  related  to  present  and  certain  possible  future 
uses* 

The  importance  of  mainlining  a  high  degree  of  cleanliness  in  the 
relatively  unpolluted  portions  of   the  streams,  and  of  providing  for 
suitable  vtilization,,  treatment  and  disposal  of  existing  and  future  pol- 
lutional  wastes  is  recognized*  Montana  has  a  valuable  asset  in  its  cold, 
clear  waters  from  snow  capped  mountain  areas*  These  waters  are  already 
utilized  .for  the  benefit  and  enjoyment  of  both  the  citizens  and  visitors 
to  the  State.  Accordingly,  the  essential  problan  is  to  conserve  to  the 
fullest  os:tont  possible  the  •'/alues  of  those  waters  for  all  purposes  * 

The  State  has  renewable  timber  resources  that  it  has  had  an  in- 
creasing rarkot  for  up  to  tho  present  time,  including  pulpwood.  This 
pulpwood,  produced  for  the  moat  part  in  the  South  Central  Montana,  is 
now  being  exported  to  mills  in  the  Midwest*  There  1b  a  desire  to 
utilize  a  substantial  part  of  the  potential  pulpwood  production  of 
forest  areas  as  a  raw  materiel  for  pulp  manufacturing  in  the  State* 

The  pulpwood  available!  including  a  considerable  amount  of  deadwood 
in  addition  to  the  expected  cnnual  crop  of  green  wood,  is  sufficient  to 
very  adequately  support  operations  at  several  mills  located  Bast  of  the 
Continental  Divide,  this  being  the  only  area  considered  in  this  report. 
The  kind  of  wood  is  quite  suitable  for  pulping  by  the  sulphate  (kraft) 
process*  Accordingly,  this  typo  of  process  is  ourrently  being  given 
primary  consideration* 

The  sulphate,  or  kraft,  process,  considered  in  detail,  consists 
essentially  of  digestion  of  irood  cliips  under  steam  heat  and  pressure  with 
a  sodium  ;rulf  ide  cooking  liquor*  or  solution,  to  separate  the  cellulose 
fibers  frcm  the  other  organic  material*  The  spent  liquor  remaining  in  tho 
pulp  after  an  initial  draining  is  removed  in  n&$8im  mill:;  with  vacuum 
washers*  It  then  is  evaporated  and  burned  for  U&xe  recovery  of  oheaioals 
and  the  fuel  value  of  the  dissolved  organic  maibsrial*  The  -waste  effluent 
from  the  clll  carries  small  quantities  of  chemicals,  dissolved  organic 
solids  and  suspended  fibers  in  the  wash  irater* 
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Large  quantities  of  water  are  needed  in  producing  pulp  and  paper. 
In  the  manufacture  of  a  ton  of  kraft  pulp  the  requirement  in  newer  mills 
will  range  from  205000  to  40,D00  gallons.  The  waste  produced  will 
probably  range  In  oxygen  demaad  per  ton  of  pulp  from  a  population  equival- 
ent of  20C  to  400,  with  caref ally  operated  modern  mills  having  effluents 
near  the  lower  figure.  In  th3  studies  made  in  Montana  the  higher  of  the 
valuer  as  regards  both  volume  and  strength  was  used,  introducing  a  factor 
of  safety  in  the  computations  made  in  forecasting  stream  conditions. 

It  should  be  pointed  out  also  that  an  appreciable  further  allowance 
is  made  in  appraising  stream  conditions  with  effluents  to  be  anticipated 
from  200  ton  kraft  pulp  mills  by  using  the  low  river  flows  (computed  from 
U.S«G«S*  data)»  under  both  summer  and  winter  conditions,  that  ooour  with 
a  frequency  of  once  in  10  years*  These  more  critical  conditions  for 
dilution  of  mill  effluents  will  be  approached  for  only  limited  periods 
during  each  year. 

Process  and  equipment  improvement  have  resulted  in  a  definite  trend 
downwards  in  the  volume  and  airaagth  of  unbleaohed  kraft  pulp  and  paper 
mill  effluents.  The  strength  of  the  wastes  on  an  oxygen  demand  basis 
has  been  decreased  as  muoh  as  75%  by  such  improvements,  with  attendant 
reduction  in  ohemioal  requirements.  Iilonitorlng  equipment  is  providing 
of  value  in  avoiding  occasional  increases  in  sower  losses.  The  work  on 
waste  reduction  is  nearing  an  irreducible  minimum,  however,  and  further 
reductions  necs3sltate  consideration  of  treatment  and  disposal  methods. 

Such  measures  for  treatment  and  disposal  as  have  been  employed  in 
recent  years  with  kraft  mill  wastes,  have  oeon   directed  toward  reduction 
in  waste  components  toxic  to  fish  life  as  well  as  to  reduction  in  oxygen 
demand.  An  example  of  a  toxio  waste  stripping  treatment  method  installed 
in  kraft  mills  is  the  so-callod  Bergstrom  tower  process.  It  removes  a 
large  portion  of  toxio  sulphides  and  aeroaptana  frcaa  the  composite  mixture 
of  blow  steam  condensate,  evaporator  condensate,  and  digester  relief 
condensate  following  separation  of  the  turpentine  which  is  usually  marketed 
or  burneda 

Lagooning  has  been  utilised  with  beneficial  results  in  reducing  the 
strength  of  kraft  mill  wastes,  and  in  equalizing  the  flow  and  variations  to 
be  expected  in  strength  of  mill  wastes*  The  use  of  lagoons  of  suitable 
capacity  for  effluents,  therefore,  gives  flexLbilivy  in  handling  of  wastes 
to  avoid  objectionable  conditions  during  periods  of  low  stream  flow  and 
highest  water  temperatures.  3p©3ial  studies  in  recent  years  to  increase 
the  efficiency  of  lagoons  havs  been  conducted  by  the  Industry  through 
their  Council  on  Stream  Impressment,  and  such  information  is  available 
on  performance  of  this  method  of  treatment  and  disposal  of  kraft  mill 
effluents* 
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Biological  methods  of  treatment*  similar  to  those  currently  used  in 
semge  treatment  practice,  tilth  tho  addition  of  nutrients  to  support  the 
organisms  involved,  are  currently  being  studied  in  pilot  plants.  Results 
with  tho  activated  sludge  prooess  at  one  mill  have  been  quite  impressive 
to  date,  giving  a  high  degree  of  reduction  of  the  os^rgen  demand*  Further 
work  will  need  to  be  carried  out,  however,  before  the  proceas  can  be  reccea- 
mended  for  mill-scale  application* 

In  conclusion,  tho  observations  and  studies  indicate  tho  more  suit- 
able  sites  of  those  suggested  for  the  development  of  a  kraft  pulp  Industry 
in  Montana,  viewed  from  the  point  of  view  of  probable  effect  of  effluents 
«sa»  on  tho  Yellowstone  and  Upper  Missouri  fiivers*  Ehis  preliminary  survey 
should  be  followed  by  detailed  evaluation  of  conditions  when  definite  in- 
formation is  available  covering  individual  mill  projects.  Suitable  oper- 
ation and  treatment  provisions  can  bo  determined  for  each  project  to  en- 
able attainment  of  a  high  degree  of  stream  cleanliness  consistent  with 
water  uses* 


Respectfully  submitted  bys 


lU  A.  j&nderson,  Public  Health  Engineer 


Chief,  Technical  Services  Branch 


TABLE  1, 


UIIJIlflJM  DAILY  FLOWS 


Site 

Years 

Minimum 

Minimum  Flow 

Minimum  Flow 

of 

Daily  Flow 

5  yr«  Return 

10 

yr#  Return 

Reoord 

of  Record 

Period 

Period 

■ 

See-Ft. 

Seo-Ft. 

Seo-Ft. 

Livingston 

Winter 

15 

590 

700 

585 

Sunaer 

15 

1#330 

1,670 

1,460 

BHling3 

Winter 

IS 

960 

980 

960 

Sumoo? 

16 

1,530 

1,770 

1,530 

Three  Forks* 

Winter 

13 

1,180 

1,550 

1,250 

Summer 

14 

1,370 

1,720 

1,400 

Winston* 

Winter 

13 

1,180 

1,550 

19250 

SumOi* 

14 

1,370 

1,720 

1,400 

Great  Falls* 

Winter 

29 

830 

1,780 

1,250 

Summer 

29 

627 

1,950 

1,400 

*     Tee ton  Gaging  Station  Reoords 

**  Fort  Benton  Gaging  Station  Reoords 


TABLE  2* 


DILimOi]  RATIO  OF  TiffTJ.  WASTES  TO  STREAM  FLOW 


Dilution  Ratio 

at  10  yr,  Nlnlnim 

Daily  Flow 

Livingston 

WLzter 

1  to 

47*4 

Summer 

1  to 

118 

Billing* 

Winter 

1  to 

77.7 

Summer 

1  to 

121 

Three  Forks 

Wiaier 

1  to 

101 

Summer 

1  to 

lis 

Winston 

Winter 

1  to 

101 

Smaaer 

1  to 

113 

Great  Falls 

Winter 

1  to 

101 

Summer 

1  to 

113 

WJMSABX.  OF  STBEM  DATA  AT  PHOPGSBD  KRAPT  PULP  HILL  SITES 


Colo  6 

Col. 

7 

Col*,  8 

Col.  9 

Col- 

1A 

Total  Btd*b\  of  stream 
Inoluding 
Mill  Wastes  (1) 
Ppm.  Ult«  at  20  C 

tfotal  B.ti.D, 
Ppm.  Ult.  at 
Stream  Temp. 

o'f  Streoa' 

Cri&aal 
D.O. 
of 

Stream 

Ppm. 

Xsaumea" 
Value  of 
Self 

Purification 
Conatarrb 
(*"20) 

Critical 

Time 

to 

Days 

8.4 

4.4 

6,1 

4.1 

10.9 
7.9 

1.0 
4.0 

7.9 
2.2 

25*7 
J6.7 

15.4 
17.5 

9.0 

4.3 

1.0 
3.0 

7.9 

2.2 

4.6 
4.3 

2.8 
4.0 

11.5 

5.6 

0.54 
1.2 

10.9 
3.5 

4.6 
4.3 

2.8 
4.3 

11«3 

6,6 

0.44 
1.0 

12.1 

3.9 

6.0 

5,6 

3.6 
6.0 

11.9 
5.9 

1.0 

2.0 

7.9 
2.7 
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